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DATA SHEET MARKINGS 


Microchip uses various data sheet markings to designate each document phase as it relates to the product develop- 
ment stage. The markings appear at the bottom of the data sheet, between the copyright and document and page 
numbers. The definitions for each marking are provided below for your use. 


Marking Description 


Advanced Information 


becomes available. 
Preliminary 


The information is on products in the design phase. Your designs should not be final- 
ized with this information as revised information will be published when the product 


This is preliminary information on new products in production but not yet fully charac- 


terized. The specifications in these data sheets are subject to change without notice. 
Before you finalize your design, please ensure that you have the most current revision 
of the data sheet by contacting your Microchip sales office, representative or distribu- 


tor. 
No Marking 


Information contained in the data sheet is on products in full production. 





“Information contained in this publication regarding device applications 
and the like is intended through suggestion only and may be superseded 
by updates. No representation or warranty is given and no liability is 
assumed by Microchip Technology Inc. with respect to the accuracy or 
use of such information, or infringement of patents arising from such use 


or otherwise. use of Microchip’s products as critical components in life - 


support systems is not authorized except with express written approval by 
Microchip. No licenses are conveyed, implicitly or otherwise, under any 
intellectual property rights.” 


PIC is a registered trademark of Microchip Technology Inc. in the U.S.A 


PICMASTER and PICSTART are registered trademarks of Microchip 
Technology Inc. 
PRO MATE, PICSEE, TrueGauge name and logo, fuzzyLAB, Smart 
Serial, Total Endurance, and UniMouse are trademarks of Microchip 
Technology Inc. 


- SQTP isa service mark of Microchip Technology Inc. 
The Microchip logo and name, The Emerging World Standard, and The 


Embedded Control Solutions Company are trademarks of Microchip 
Technology Inc. 


All rights reserved. Copyright © 1995, Microchip Technology, Inc. 


ACCESS.bus is a trademark of the ACCESS.bus Industry Group (ABIG). 
fuzzyTECH is a registered trademark of Inform Software Corporation. ae 
is a trademark of Philips Corporation. IBM, IBM PC-AT, IBM PC/XT, and 
PS/2 are registered trademarks of International Business Machines Corp. 
Pentium is a trademark of Intel Corporation. MS-DOS and Microsoft Win- 
dows are registered trademarks of Microsoft Corporation. Windows and 
Excel are trademarks of Microsoft Corporation. CompuServe is a regis- 
tered trademark of CompuServe Incorporated. Apple and Macintosh are 
registered trademarks of Apple Computer, Inc. Apple Desktop Bus (ADB) 
is a trademark of Apple Computer Inc. Microwire is a trademark of 
National Semiconductor. 


All other trademarks mentioned herein are property of their respective 
companies. 
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INTRODUCTION TO THE EMBEDDED 
CONTROL SOLUTIONS COMPANY™ 


Microchip Technology's mission is to offer leadership 
semiconductor products for embedded control system 
applications. To do this we have focusedSystem Man- 
agement Bus our technology, engineering, manufactur- 
ing and marketing resources on two synergistic 
product lines: 8-bit PIC16/17 microcontrollers and 
Serial EEPROMS. These product lines provide the 
solutions to many of the problems facing designers of 
embedded control systems. 


We publish the Microchip Data Book and Embedded 
Control Handbook to assist our customers, existing 
and new, in their efforts to design and produce 
state-of-the-art embedded control systems. 


HIGHLIGHTS 


Inside Microchip Technology you'll find: 


e A focus on providing high-performance, 
cost-effective, field-programmable embedded 
control solutions 


An experienced executive team focused on inno- 
vation and committed to listening to our customers 
8-bit RISC field-programmable microcontrollers 
and supporting logic products 


Serial and Parallel EEPROMs and EPROMs 


e A variety of end-user Application-Specific 
Standard Products 

¢ Fully integrated manufacturing capabilities 

¢ A global network of manufacturing and customer 
support facilities 


e A unique corporate culture dedicated to continu- 
ous improvement 


¢ Distributor network support worldwide including 
certified distribution FAEs 


BUSINESS SCOPE 


Microchip Technology Inc. manufactures and markets a 
variety of VLSI CMOS semiconductor components to 
support the market for cost-effective embedded control 
solutions. In particular, the company specializes in 
highly integrated, field-programmable RISC microcon- 
trollers, application-specific standard products and 
related non-volatile memory products to meet growing 
market requirements for high performance, yet eco- 
nomical embedded control capability in products. 
Microchip's products feature the industry's most eco- 
nomical OTP (one-time programmable), reprogramma- 
ble EEPROM and ROM capability, along with the 
compact size, integrated functionality, ease of develop- 
ment and technical support so essential to timely and 
cost-effective product development by our customers. 





Chandler, Arizona: 


Company headquarters near Phoenix, Arizona; execu- 
tive offices, R & D and wafer fabrication occupy this 
142,000-square-foot facility. An additional 100,000 
square foot adjacent facility is under construction with 
completion expected in mid-1995. 


Tempe, Arizona: 


Microchip’s 170,000-square-foot wafer fabrication facil- 
ity provides increased manufacturing capacity today 
and for the future. 3 | 


© 1995 Microchip Technology Inc. 
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- Mission Statement - 


Microchip Technology Incorporated is a leading supplier of field-programmable embedded control solutions by pro- 
viding RISC microcontrollers and related non-volatile memory products. In order to contribute to the ongoing suc- 
cess of customers, shareholders and employees, our mission is to focus resources on high value, high quality 
products and to continuously improve all aspects of our business, providing a competitive return on investment. 


- Guiding Values - 


Sustomers Are Our Focus: We establish success- 
ful customer partnerships by exceeding customer 
expectations for products, services and attitude. We 
start by listening to our customers, earning our cred- 
ibility by producing quality products, delivering com- 
prehensive services and meeting commitments. We 
believe each employee must effectively serve their 
internal customers in order for Microchip’s external 
customers to be properly served. 


Quality Comes First: We will perform correctly the 
first time, maintain customer satisfaction and mea- 
sure our quality against requirements. We practice 
effective and standardized improvement methods, 
such as statistical process control to anticipate prob- 
lems and implement root cause solutions. We 
believe that when quality comes first, reduced costs 
follow. 


Continuous Improvement Is Essential: We utilize 
the concept of “Vital Few” to establish our priorities. 
We concentrate our resources on continuously 
improving the Vital Few while empowering each 
employee to make continuous improvements in their 
area of responsibility. We strive for constructive and 
honest self-criticism to identify imipeeventent opportu- 
nities. | 


Employees Are Our Greatest Strength: We 
design jobs and provide opportunities promoting 
employee teamwork, productivity, creativity, pride in 
work, trust, integrity, fairness, involvement, develop- 
ment and empowerment. We base recognition, 
advancement and compensation on an employee’s 

_ achievement of excellence in team and individual 
performance. We provide for employee health and 
welfare by offering competitive and Eo praerene 
employee benefits. 


- Products And Technology Are Our Foundation: 
We make ongoing investments and advancements in 
the design and development of our manufacturing 
process, device, circuit, system and software tech- 
nologies to provide timely, innovative, reliable and 
cost effective products to support current and future 
market opportunities. 


DS00027K-page 1-2 


Total Cycle Times Are Optimized: We focus 
resources to optimize cycle times to our internal and 
external customers by empowering employees to 
achieve efficient cycle times in their area of responsibil- 
ity. We believe that cycle time reduction is achieved by 
streamlining processes through the systematic removal 
of barriers to productivity. 


Safety Is Never Compromised: We place our con- 
cern for safety of our employees and community at the 
forefront of our decisions, policies and actions.. Each 
employee is responsible for safety. 


Profits And Growth Provide For Everything We Do: 
We strive to generate and maintain competitive rates of 
company profits and growth as they allow continued 
investment for the future, enhanced employee opportu- 
nity and represent the overall success of Microchip. 


Communication Is Vital: We encourage appropriate, 
honest, constructive, and ongoing communication in 
company, customer and community relationships to 
resolve issues, exchange information and share knowl- 
edge. 


Suppliers, Representatives, And Distributors Are 
Our Partners: We strive to maintain professional and 
mutually beneficial partnerships with suppliers, repre- 
sentatives, and distributors who are an integral link in 
the achievement of our mission and guiding values. 


Professional Ethics Are Practiced: We manage our 
business and treat customers, employees, sharehold- 
ers, investors, suppliers, distributors, representatives, 
community and government in a manner that exempli- 
fies our honesty, ethics and integrity. We recognize our 
responsibility to the community and are proud to serve 
as an equal opportunity employer. 


© 1995 Microchip Technology Inc. 
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MARKET FOCUS 


Microchip targets selected markets where our 
advanced designs, progressive process technology 
and industry-leading product performance enable us to 
deliver decidedly superior performance. The company 
has positioned itself to maintain a dominant role as a 
supplier of high-performance, field-programmable 
microcontrollers and associated memory and logic 
products for embedded control applications which are 
found throughout the consumer, automotive, telecom- 
munication, office automation and industrial control 
markets. 


FULLY INTEGRATED 
MANUFACTURING 


Microchip delivers fast turnaround and consistent qual- 
ity through total control over all phases of production. 
Research and development, design, mask making, 
wafer fabrication, and the major part of assembly and 
quality assurance testing are conducted at facilities 
wholly-owned and operated by Microchip. Our inte- 
grated approach to manufacturing along with rigorous 
use of advanced statistical process control (SPC) and 
a continuous improvement culture has resulted in high 
and consistent yields which have positioned Microchip 
as a quality leader in its global markets. Microchip’s 
unique approach to SPC provides customers with 
excellent costs, quality, reliability and on-time delivery. 


A GLOBAL NETWORK OF PLANTS 
AND FACILITIES 


Microchip is a global competitor providing local service 
to the world’s technology centers. The Company’s focal 
point is its design and technology advancement facility 
in Chandler, Arizona. Product and technology develop- 
ment is located here, along with front-end wafer fabri- 
cation and wafer probe and sort. 


In 1994, Microchip purchased a second wafer fabrica- 
tion facility in Tempe, Arizona — thirteen miles from its 
Chandler, Arizona, headquarters. The additional 
170,000 square foot facility is meeting production 
requirements beyond those which could be produced 
in Microchip’s Chandler wafer facility. Assembly and 
test facilities predominantly located in Kaohsiung, Tai- 
wan, and Bangkok, Thailand, house the technology 
and assembly and test equipment necessary for mod- 
em plastic and ceramic packaging. 


Sales and application offices are located in key cities 
throughout the Americas, Asia/Pacific, Japan and 
Europe. Offices are staffed to meet the high quality 
expectations of our customers, and can be accessed 
for technical and business support. 


EMBEDDED CONTROL OVERVIEW 


Unlike “processor” applications such as personal com- 
puters and workstations, the computing or controlling 
elements of embedded control applications are buried 
inside the application. The user of the product is only 
concerned with the very top-level user interface (such 
as keypads, displays and high-level commands). Very 
rarely does an end-user know (or care to know) the 
embedded controller inside (unlike the conscientious 
PC users, who are intimately familiar not only with the 
processor type, but also its clock speed, DMA capabil- 
ities and so on). 


It is, however, most vital for designers of embedded 
control products to select the most suitable controller 
and companion devices. Embedded control products 
are found in all market segments: consumer, commer- 
cial, PC peripherals, automotive, telecommunications 
(including fast-emerging personal telecommunication 
products) and industrial. Most often embedded control 
products must meet special requirements: cost-effec- 
tiveness, low power, small footprint and a high level of 
system integration. | 


Typically, most embedded control systems are 
designed around a microcontroller which integrates 
on-chip program memory, data memory (RAM) and 
various peripheral functions, such as timers and serial 
communication. In addition, these systems also usu- 
ally require Serial EEPROM memories, display drivers, 
keypads, smail displays, etc. 


Microchip Technology has established itself as a lead- 
ing supplier of field-programmable embedded control 
solutions. The combination of high-performance micro- 
controllers from the PIC17CXX, PIC16CXX and 
PIC16C5X families, along with industry leading nonvol- 
atile memory products provides the basis for this lead- 
ership. 


Microchip is committed to continuous innovation and 
improvement in design, manufacturing and technical 
support to provide the best possible embedded control 
solutions to you. 


© 1995 Microchip Technology Inc. 
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MICROCONTROLLERS 


PIC16/17 microcontrollers from Microchip combine 
high performance, low cost and small package size, 
offering the best price/performance ratio in the industry. 
Over 200 million of these devices have been used in 
cost-sensitive consumer products, computer peripher- 
als, office automation, automotive control systems, 
security and telecommunication applications. 


PIC16/17 MICROCONTROLLER 
OVERVIEW AND ROADMAP 


Microchip offers three families of 8-bit microcontrollers 
to best fit your needs: 


¢ PIC16C5X: Base-Line 8-bit Family 

e PIC16CXX: Mid-Range 8-bit Family 

e PIC17CXX: High-End 8-bit Family 

Ail families offer One-Time-Programmable, low-voltage 
_and low-power options, as well as various packaging 


options. Selected members are available in ROM and 
reprogrammable versions. 


The widely-accepted PIC16C5X, PIC16CXX:° and 
PIC17CXX families are the industry’s only 8-bit micro- 
controllers using a high-speed RISC architecture. 
Microchip pioneered the use of RISC architecture to 
obtain high speed and instruction efficiency. 


PIC16C5X: BASE-LINE FAMILY 


PIC16C5xX is the well established base-line family offer- 
ing the most cost-effective solution. This PIC16C5X 
products have a 12-bit wide instruction set and are cur- 
rently offered in 18-, 20- or 28-pin packages. In SOIC 
and SSOP packaging options, these are the smallest 
footprint controllers. Low-voltage operation down to 
2.0V makes this family ideal for patery operated appli- 
cations. 


The PIC16C5X base-line family is in high-volume pro- 
duction, shipping more than two million units per week, 
and has achieved more than twenty-five thousand 
design wins worldwide. 


PIC16CXX: MID-RANGE FAMILY 


PIC16CXX mid-range family offers a wide-range of 
options, from 18-pin to 44-pin packages as well as low 
to high level of peripheral integration. This family has a 
14-bit wide instruction set, interrupt handling capability 
and deeper 8-level hardware stack. The PIC16CXX 
family provides the performance and versatility to meet 
the requirements of more demanding, yet cost-sensi- 
tive, mid-range 8-bit applications. 


The PIC16CXX mid-range family is rapidly gaining 
acceptance with several of its members introduced: 
PIC16C61, PIC16C62, PIC16C63, PIC16C64, 
PIC16C65, PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C73, PIC16C74 and PIC16C84. 





PIC17CXX: HIGH-END FAMILY 


The PIC17CXX high-performance family offers the 
world’s fastest execution performance of any 8-bit 
microcontroller family in the industry. The PIC17CXX 
family extends the PIC16/17 microcontrollers high-per- 
formance RISC architecture with a 16-bit instruction 


word, enhanced instruction set and powerful vectored 


interrupt handling capabilities. A powerful array of pre- 
cise on-chip peripheral features provide the perfor- 
mance for the most demanding 8-bit applications. 


Currently, two members of the PIC17CXX family have 
been announced. A third member will be available 
soon. 


Current PIC16/17 microcontroller product families 
include advanced features such as sophisticated tim- 
ers, embedded Analog-to-Digital Converter, extended 
instruction/data memory, inter-processor communica- 
tion (i@C™ bus, SPI and USARTs) and ROM, RAM, 
EPROM and EEPROM memories. 


Both PIC16CXX and PIC17CXxX families are sippbhed 
by user-friendly development systems including 
assembler, software simulator, C Compiler, fuzzy logic 
development software, programmers and_ in-circuit 
emulators. 


ROM EPROM EEPROM 

= High-End | 

PIC17C€XX 16-Bit 
Instruction 


PIC16CXX : 
Instruction 
Base-Line 


PICI6C5X 12-Bit 
Instruction 
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= 
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& 
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Onboard Memory Technology ——————_>» 


CMOS PIC 16/17 
Microcontroller Families. 


*In development. 
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FIGURE 1: PIC16/17 MICROCONTROLLER MIGRATION PATH 


16C622 


oe In Production 
C > In Development 


Performance 





FIGURE 2: PIC16/17 SYNERGISTIC DEVELOPMENT TOOLS 


Software Simulator 
C Compiler* 


PIC16CXX PIC17CXX 
v v 


Entry Level Development Kit PICSTART® 
Universal Programmer PRO MATE™ 


Universal In-Circuit Emulator PICMASTER® 


Fuzzy Logic Development Tool fuzzyTECH®-MP 


* Available from Byte Craft Limited in Canada. 
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PIC16/17 NAMING CONVENTION 


The PIC16/17 architecture offers users a wide range of 
cost/performance options of any 8-bit microcontroller 
family. In order to identify the families, the following 
naming conventions have been applied to the PIC16/17 
microcontrollers. : 


TABLE 1: PIC16/17 NAMING CONVENTION 


Base-Line 8-bit |* 12-bit wide instruction set PIC16C5X OTP program memory, PIC16C54 











































Microcontroller |» DC - 20 MHz clock speed PIC16C5XA digital only PIC16C54A 
Family © 200 nsi ti | (Note 1) PIC16C55 
ns instruction cycle PIC16C56 

PIC16C57 

PIC16C58A 




















PIC16CR54 
PIC16CR57A 
PIC1GCR58A 


PIC16CR5X | ROM program memory, 
PIC16CR5XA digital only 
(Note 1) a 






































Mid-Range 8-bit 14-bit wide instruction set PIC16C6X OTP program memory, | PIC16C61 
Microcontroller |e Internal/external interrupts digital ~ PIC16C62 
Family * DC - 20 MHz clock speed PIC16C63 
PIC16C64 


(Note 3) 


200 ns instruction cycle 
(@ 20 MHz) 





PIC16C65 


PIC16CR6X | ROM program memory, 
digital only | : 


PIC16C62X | OTP program memory 
with comparators 





PIC16C620 
PIC16C621 
PIC16C622 


OTP program memory, PIC16C71 
with analog functions PIC16C73 
(e.g. A/D) PIC16C74 


PIC16C8X EEPROM program and PIC16C84 
| data memory | 
PIC16CR8X ROM program and a 
EEPROM data memory 























PIC16C7X 























High-End 8-bit 16-bit wide instruction set PIC17C4X OTP program memory, PIC17C42 
Microcontroller |e |{nternal/external interrupts digital only PIC17C43 
Family | PIC17C44 


e DC - 25 MHz clock speed 
160 ns instruction cycle 





PIC17CR4X% ROM program memory, ee eR RRR 
digital only 


Note 1: "A" designates a more advanced process technology, generally offering customers the benefits of lower 
power, higher speed, etc. (example: PIC16C54, PIC16C54A). Sometimes it designates additional func- 
tions such as the addition of Brown-out detect. 


Note 2: The numbering system within each family is not necessarily significant. 
Note 3: The maximum clock speed for some devices is less than 20 MHz. 


Please check with your local Microchip distributor, sales representative or sales office for the latest product information. 
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FIGURE 3: 


PIC16/17 8-BIT MICROCONTROLLER FAMILY 


PIC17C4Xx: 
OTP Program Memory 


PIC16C8X: 
EEPROM Program and Data Memory 


PIC16C7X: 
OTP Program Memory with Analog 


PIC16C62X: 


OTP Program Memory with Comparators 


PIC16C6X OR PIC16CR6X: 
OTP or ROM Program Memory 


PIC16C5X/5XA: 
OTP Program Memory 


PIC16CR5X/5XA: 
ROM Program Memory 


THE ADVANTAGE OF FIELD 
PROGRAMMABILITY 


The PIC16/17 microcontroller family provides a unique 
combination of a high-performance RISC processor 
with cost-effective One-Time-Programmable (OTP) 
technology. Cost-effective OTP provides many benefits 
to the user at prices which can be comparable to com- 
peting ROM solutions. The benefits include: 1) quick 
time-to-market, 2) ease of code changes, 3) ability to 
provide adaptable solutions to end-customer require- 
ments, 4) ability to meet upside potential via inventory 
positions at Microchip or worldwide distribution, 5) 
reduced scrappage in manufacturing, 6) reduced inven- 
tory in manufacturing, and 7) reduced work-in-process 
liability. 

For most manufacturers, getting the product to market 
quickly has become the number one goal as global 
markets have become more competitive. Time-to-mar- 
ket puts pressure on all functions within the manufac- 
turing process: development, purchasing, production, 
and marketing and sales. Field-programmable OTP 
technology streamlines the process for all stages in the 
product life cycle. 


In the early product development stages, a programma- 
ble microcontroller allows much of the functionality to 
be implemented in software which can be modified 
more easily than hardware-only solutions. 





In the manufacturing stage, the compression of the 
product life cycle curve puts pressure on the manage- 
ment of inventory and manufacturing cycle times. Mini- 
mizing inventory reduces the ability to meet upside 
demand. Using a traditional ROM-based microcontrol- 
ler limits the ability to respond to the market with prod- 
uct enhancements or semi-customized products for 
specific customers. Using the standard OTP-based 
PIC 16/17 microcontroller solves all these issues. Inven- 
tory can be managed effectively by using the same 
device in several systems. Costs can be reduced due to 
volume purchasing. Upsides can be met from either 
safety stock, directly from Microchip, or local distribu- 
tors who regularly inventory all the PIC16/17 microcon- 
troller devices. A sudden decline in demand means no 
work-in-process ROM-based inventory and any excess 
safety stock can be consumed by the other products 
using the same standard device. 


OTP is the ‘Flexible Manufacturing’ technology of the 
microcontroller world. As competition intensifies, the 
demand for customer-specific products increases. Hav- 
ing the ability to change (for example, the appearance 
of LCD displays or add extra features in a timely man- 
ner) can be a key competitive advantage. Programming 
the OTP device on the manufacturing floor allows easy 
customizing and internal tracking of the devices for 
each specific customer. Customization can significantly 
increase the overall product life cycle to provide better 
return on investment and help minimize the threat of 
competition. 


© 1995 Microchip Technology Inc. 
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DEVELOPMENT SYSTEMS 


Microchip is committed to providing useful and 
innovative solutions to your embedded system 
designs. Among support products offered are the 
PICMASTER® real-time universal in-circuit emulator 
running under Windows. environment. PICMASTER is 
designed to provide product development engineers 
with an optimized design tool for developing target 


applications. This universal in-circuit emulator provides 


a complete microcontroller design tool set for all micro- 
controllers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. PRO MATE™, the full-featured 
device programmer, enables you to quickly and easily 
program user software into PIC16C5X, PIC16CXX and 
PIC17CXX CMOS microcontrollers. The PRO MATE 
operates as a stand-alone unit or in conjunction with a 
PC compatible host system. The PICSTART® develop- 
ment kit, a low-cost development system for the 
PIC16C5X/16CXX families of microcontrollers, 
includes an assembler for code development, a simula- 
tor for debug and a development programmer board. 
PICSEEKIT and PICSEESTART provide product devel- 
opment engineers with a cost-effective and timely 
design tool solution for the MTA8XXXX ptamily of ASSP 
products. 


The Serial EEPROM Designer's Kit includes everything 


necessary to read, write, erase or program special 
features of any Microchip Serial EEPROM products 
including Smart Serials” and secure serials. The Total 
Endurance” Disk is included to aid in trade-off analysis 
and reliability calculations. The total kit can significantly 
reduce time-to-market and result in an optimized sys- 
tem. 


The TrueGauge” development tool supports system 
development with the MTA11200 TrueGauge Intelligent 
oa Management IC. 


SOFTWARE SUPPORT 


Microchip’s PIC16/17 microcontrollers families are sup- 
ported by an assembler, compiler, software simulator 
and fuzzy logic development software. MPASM is a 
universal macro assembler supporting Microchip’s 
entire product line of microcontrollers. MPSIM, a dis- 
crete event software simulator, is designed to imitate 
operation of PIC16C5X, PIC1G6CXX and PIC17CXX 
microcontrollers. It allows the user to debug software 
that will use any of these microcontrollers. 


A full-featured C Compiler and Fuzzy Logic support are 
also available for all three microcontroller families. 


Microchip endeavors at all times to provide the best 
service and responsiveness possible to its customers. 
The Microchip Systems Bulletin Board Service (BBS) is 
one service to facilitate this process. It’s a multi-faceted 
tool that can provide you with information on a number 
of different topics. Special Interest Groups available 
through the BBS can provide you with the opportunity 
to discuss issues and topics of interest with others that 


- share your interest or questions. The BBS is regularly 
- used to distribute technical information, application 


notes, source codes, errata sheets, bug reports, interim 


_ patches for Microchip systems products ane user con- 


tributed files for distribution. 


APPLICATION-SPECIFIC STANDARD | 
PRODUCTS (ASSPs) 
Microchip’s Application-Specific Standard Products 


(ASSP) provide value-added embedded control solu- 
tions by combining PIC16/17 microcontroller architec- 


“ture, non-volatile memory and innovative software 
_ technology for vertical applications. These products 
_ incorporate technology that offers a complete solution 


that is both unique to the customer and standard in 
manufacture to Microchip. In addition, Microchip 
ASSPs reduce or remove the barriers for customers to 
use Microchip solutions in their products through the 
use of software embedded in secure OTP- or 
ROM-based microcontrollers. The family is packaged to 
provide the highest integration to the customer at the. 
best overall system cost. 


_ The MTA11200 family is the most accurate and most 


integrated battery management and charging solution 
available today. The TrueGauge family incorporates 
Microchip/SPAN patented technology which digitally 
integrates battery charge and discharge current to pro- 
vide an accurate (>97% typical) state of charge indica- 
tion. The family operates with NiCd and NiMH and lead 
acid battery packs from 3 VDC to 25 VDC. These prod- 
ucts are ideal for portable PC, cellular phone and por- 
table consumer product applications. 


The MTA14000 programmable Intelligent Battery Man- 
agement IC allows engineers to design intelligent con- 
trollers for smart batteries, battery chargers, battery 
status monitoring, uninterruptible power supplies, 


HVAC and other data acquisition and processing 


required for managing energy. The MTA14000’s pro- 
grammable 4K words of program memory and 192 
bytes of RAM allows it to support any battery technol- 
ogy including Li lon, NiMH, NiCd, Pb acid, Zinc Air. In 
addition, the products Po port enables any system 
OEM, battery pack VAR and battery manufacturer to 
design, build and market SBD-compliant products sup- 
porting the System Management Bus standard. 


The MTE1122 Energy Management Controller com- 
bines Microchip’s proprietary PIC16/17 8-bit RISC 
microcontroller technology with a unique, patent pend- 
ing power management firmware algorithm in a single 
package. This device, by monitoring and controlling the 
supply requirements into an AC induction motor, effec- 
tively reduces the power consumed by the motor. The 
MTE1122 is available in both plastic DIP and 
space-saving SOIC packages, and operates over com- 
mercial and industrial ranges. 


Ease-of-use, low voltage and low cost make the 
MTA41XXX mouse and trackball MCU firmware solu- 
tions ideal for implementing new designs for both PCs 
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and Apple® computers. The products in the MTA41XXX 
family are 18-lead, low-power CMOS microcontroller 
ICs combined with application-specific software. By 
adding a few external components, the user can easily 
realize a complete mouse or trackball system. 


The MTA8XXXX PICSEE™ family of cost-effective sys- 
tem solutions integrates PIC16/17 microcontrollers with 
EEPROM technology. These PICSEE™ devices are 
ideally suited for automotive security, keyless entry, 
remote control, data acquisition and telecommunication 
applications. The combined product assembly tech- 
niques provide the user the highest performance solu- 
tion in a compact and cost-effective package. 


Future ASSP products will include advanced features 
such as mixed analog and digital capability as well as 
an ever broadening family of turnkey software solutions 
for the embedded control market. 


SERIAL EEPROM OVERVIEW 


Microchip offers one of the broadest selections of 
CMOS Serial EEPROMs on the market for embedded 
control systems. Serial EEPROMs are available in a 
variety of densities, operating voltages, bus interface 
protocols, operating temperature ranges and space 
saving packages. 


Densities: 


Currently range from 1K to 64K with higher density 
devices in development. 


Bus Interface Protocols: 


All major protocols are covered: 2-wire, 3-wire and 
4-wire. 


Operating Voltages: 


In addition to standard 5V devices there are two low 
voltage families. The “LC” devices operate down to 
2.5V, while the breakthrough “AA” family operates, in 
both read and write mode, down to 1.8V, making these 
devices highly suitable for alkaline and NiCad battery 
powered applications. 


Temperature Ranges: 


Like all Microchip devices, Serial EEPROMs are offered 
in Commercial (0°C to 70°C), Industrial (-40°C to 85°C) 
and Automotive (-40°C to 125°C) operating tempera- 
ture ranges. 


Packages: 


The focus is on small packages. Small footprint pack- 
ages include: 8-lead DIP, 8-lead SOIC in JEDEC and 
EIAJ body widths, and 14-lead SOIC. The SOIC comes 
in two body widths; 150 mil and 207 mil. 


In February 1995, Microchip announced its 10 million 
Erase/Write cycle guarantee - an endurance break- 
through unmatched by its competitors. The Company 
has also developed the world’s first 64K Smart Serial 
EEPROM which provided four times the speed, four 
times the memory and four times the features of any 


competitive 2-wire Serial EEPROM. Device densities 
range from 256 bits up to 64K bits. Another first is the 
24LC21, the only single chip DDC1/DDC2™-compatible 
solution for plug-and-play video monitors. 


Microchip is a _ high-volume supplier of Serial 
EEPROMSs to all the major markets worldwide including 
consumer, automotive, industrial, computer and com- 
munications. To date, more than 300 million units have 
been produced. Microchip continues to develop new 
Serial EEPROM solutions for embedded control appli- 
cations. 


Microchip's erase/write cycle endurance is among 
the best in the world, and only Microchip offers 
unique and powerful development tools such as the 
Total Endurance disk. This mathematical software 
model is an innovative tool used by system designers to 
optimize Serial EEPROM performance and reliability 
within the application. 


PARALLEL EEPROM OVERVIEW 


CMOS Parallel EEPROM devices from Microchip are 
available in 4K, 16K and 64K densities. The manufac- 
turing process used for these EEPROMs ensures 
10,000 to 100,000 write and erase cycles typical. Data 
retention is more than 10 years. Fast write times are 
less than 200 ps. These EEPROMs work reliably under 
demanding conditions and operate efficiently at tem- 
peratures from —40°C to +85°C. Microchip’s expertise 
in advanced SOIC, TSOP and VSOP surface mount 
packaging supports our customers’ needs _ in 
space-sensitive applications. 


Typical applications include computer peripherals, 
engine control, pattern recognition and telecommunica- 


tions. 


OTP EPROM OVERVIEW 


Microchip’s CMOS EPROM devices are produced in 
densities from 64K to 512K. High-speed EPROMs have 
access times as low as 55 ns. Typical applications 


include computer peripherals, instrumentation and 


automotive devices. Microchip’s expertise in surface 
mount Packaging on SOIC, TSOP and VSOP packages 
led to the development of the Surface Mount 
one-time-programmable (OTP) EPROM market where 
Microchip is a leading supplier today. Microchip is also 
a leading supplier of low-voltage EPROMs for battery 
powered applications. 
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EASE OF PRODUCTION UTILIZING 
QUICK TURN PROGRAMMING (QTP) 
AND SERIALIZED QUICK TURN 
PROGRAMMING (SQTP™) 


Recognizing the needs of high-volume manufacturing 
operations, Microchip has developed two programming 
methodologies which make the OTP products as easy 
to use in manufacturing as they are efficient in the sys- 
tem development stage. 


Quick Turn Programming allows factory programming 
of OTP product prior to delivery to the system manufac- 
turing operation. PIC16/17, EPROM and Serial 
EEPROM products can be automatically programmed 
with the users program during the final stages of the 
test operation at Microchip’s assembly and test opera- 
tions in Philippine Islands, Taiwan and Thailand. This 
low-cost programming step allows the elimination of 
programming during system manufacturing and essen- 
tially allows the user to treat the PIC 16/17 and memory 
products as custom ROM products. With one- to 
four-week lead times on QTP product, the user no 
longer needs to plan for the extended ROM masking 
lead times and masking charges associated with cus- 
tom ROM products.. This capability, combined with the 
off-the-shelf availability of standard OTP product, 
ensures the user of product availability and the ability to 
reduce his time-to-market once product development 
has been completed. 


Unique in the 8-bit microcontroller market is Microchip’ Ss 
ability to enhance the QTP capability with Serialized 
Quick Turn Programming (SQTP). SQTP allows for the 
programming of devices with unique, random or serial- 
ized identification codes. As each PIC16/17 device is 
programmed with the customers program code, a por- 
tion of the program memory space can be programmed 
with a unique code, accessible from normal program 
memory, which will allow. the user to provide each 
device with a unique identification. This capability is 
ideal for embedded systems applications where the 
transmission of key codes or identification of the device 
as a node within a network are essential. Taking 
advantage of this capability allows the system designer 
to eliminate the requirement for expensive off-chip code 
implementation using DIP switches or non-volatile 
memory components. The SQTP. offering, pioneered 
by Microchip, provides the embedded — systems 
designer with a low cost means of putting a unique and 
custom device into every system or node. 


FUTURE PRODUCTS AND 
TECHNOLOGY 


New process technology is constantly being developed 
for microcontroller, ASSP, EEPROM and high-speed 
EPROM products. Advanced process technology mod- 
ules and products are being developed that will be inte- 
grated into present product lines to continue to achieve 
a range of compatible processes. Current production 
technology utilizes pee dimensions down to 0.9 
microns. 


Microchip’s research and development activities 
include exploring new process technologies and prod- 
ucts that have industry leadership potential. Particular 
emphasis is placed on products that can be put to work 
in high-performance broad-based markets. 


Equipment is continually updated to bring the most 
sophisticated process, CAD and testing tools online. 
Cycle times for new technology development are con- 
tinuously reduced by using in-house mask generation, 
a high-speed pilot line within the manufacturing facility 
and continuously improving methodologies. _ 


More advanced technologies are under development, 
as well as advanced CMOS RISC-based microcontrol- 
ler, ASSP and CMOS EEPROM and EPROM products. 
Objective specifications for new products are devel- 
oped by listening to our customers and by close coop- 
eration with our many customer-partners worldwide. 
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"_ Peripherals 
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Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capabil- 
ity. 
2: The PIC17C4X devices can also operate in microprocessor and external microcontroller modes. 
3: PORTB has software-configurable weak pull-ups. 
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TMRO, —- 10 | 22 | 2.5-6.0 28-pin SDP. 28-pin SOIC 

TMA, TMR2 

TMRO, SPI/2C/ 10 | 22 | 3.0-6.0 28-pin SDIP, 28-pin SOIC 

TMR1, TMR2 SCI 

TMRO, 11 SPI/2?C | Yes 33 | 3.0-6.0 40-pin DIP, 44-pin PLCC, 44- mn QFP 
TMR1, TMR2 . 

TMRO, SPI/2C/| Yes uw 33 | 3.0-6. 0 40-pin DIP, 44-pin PLCC, 44- pin QFP 
TMR1, TMR2 SCI 


mo [=| — | =] =] 2 [veep @ | 9 | 8080 | Yes [ean DI, Teen SOT BO-pn SSOP 
LS ee ee ‘INDI, 18pin SOI, 20-pin SSOP | 

=e oa SRE RL ERC ee 
aon [=| = 


ae 3.0-6.0 oy = We. 18-pin DIP, 18-pin SoIe 
3 | 20 192 TMRO, | at 5 ch 11 | 22 | 3.0-6.0 28-pin SDIP, 28-pin SOIC 
TMR1, TMR2 SCI 


PIC16C74 20 | 4K 192 TMRO, SPI/I2c/|. Yes | 8ch 12 | 3 3.0-6.0 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 SCI 


Pictecea | 10 [— [aK] 36 [eafrwro [-f — [7 — | 2.06.0 
*  *Please contact your local sales office for availability of these devices. 


Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high !/O current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 










= 
ae 

8) 
© 
in 

& 










oo 





Peripherals | 


S30IARC JO ATINV4 XX991-91Id 


LZL/9LOId 


‘oul ABojouyoe| diyooJ9i| S66L © 


€-z ebed-gzseoesa 





Clock} Memory | Peripherals | 


Features 






















1 18-pin DIP, 18-pin SOIC, 20 pin SSOP 


PIC16C54 Pee: [== | 25. TMRO 2.5-6.25 
PIC16C54A 512 P=), 28° | TMRO 12 | 2.5-6.25 18-pin DIP, 18-pin SOIC, 20 pin SSOP 
A ay ee 512 TMRO 12 | 2.0-6.25 18-pin DIP, 18-pin SOIC, 20 pin SSOP 
Es ure [20 [2 


33 
33 
33 
PIC16C55 512 }— | 25 | TMRO | 20 | 2.5-6.25 | 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP 
33 
33 
33 
33 


Piciecs6 sf }—| 25 | TMRO 12 | 2.5-6.25 18-pin DIP, 18-pin SOIC, 20-pin SSOP 





= 
2 
> 
O 
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PIC16C57 TMRO 20 | 2.5-6.25 28-pin DIP, 28-pin SOIC, 28 pin SSOP 
PIC16CR57A | 20 | — [2K| 72 | TMRO | 20 | 2.0-6.25 28-pin DIP, 28-pin SOIC, 28 pin SSOP 
A | 20 J 2k | —| 73 | TMRO 12 | 2.5-6.25 18-pin DIP, 18-pin SOIC, 20 pin SSOP 
aa TMRO 12 |2. 





v 
2 
a 
QO 
on 
a 





PIC16CR58A | 20 | — | 2K | 42 | 0-6.25 18-pin DIP, 18-pin SOIC, 20 pin SSOP 
Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and nigh I/O current 
capability. 
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PIN COMPATIBILITY 


Devices that have the same package type; and Vop, 

Vss, and MCLR pin locations, are said to be pin com- 

patible. This allows these different devices to operate in 

the same socket. Compatible devices may only 

requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 

PIC16C61 devices). Not all devices in the same pack- 
age size are pin compatible; for example, the 
PIC 16C62 is compatible with the PIC16C63, but not the 

PIC16C55. . 


Pin compatibility does not mean that the devices. offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an A/D converter, weak pull-ups on PORTB, or inter- 
rupts. 





Pin Compatibile Devices 


Pin Compatible Devices | 


PIC16C61, 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 

PIC16C54, PIC16C54A, PIC16CR54, 

PIC16C56, PIC16C58A, PICI6CR58A 


PIC16C62, PIC16C63, PIC16C73 
PIC16C55, PIC16C57, PIC1I6CR57A 
PIC17C42, PIC17C43, PIC17C44 | 
PIC16C64, PIC16C65, PIC16C74 
















40 pin 
40pin 
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EPROM/ROM-Based 8-Bit CMOS Microcontroller Series 





Devices Included in this Data Sheet PACKAGE TYPES 

ees | PDIP, SOIC, Windowed CERDIP | 
¢ PICiI6CR5S54 

e PIC16C55 

e PIC16C56 16, ] ~——— OSC1/CLKIN 

e PIC16C57 15/] ——» oOSc2/CLKOUT 


High-Performance RISC-like CPU 


¢ Only 33 single word instructions to learn 


¢ Allinstructions are single cycle (200 ns) except for 
program branches which are two-cycle 


¢ Operating speed: DC - 20 MHz clock input 
DC - 200 ns instruction cycle 


EPROM/ 
ROM 
PIC16C54 


Piciecrs4 | 18 | 12 | 512 | 

Piciecss | 18 | 12 | 1K | 
512 

2K 


2 uu 
aOag0 
DOA 
ee 
oOas 
> 


PDIP, SOIC, Windowed CERDIP 


27| | ~<t——— OSC1/CLKIN 
26] | —-—® OSC2/CLKOUT 















_ 
Nh 7h 


D 
LSD9LOId 
SSO9LOId 


Piciecss | 28 | 20 | 512 | 
piciecs7__ | 28 | 20 | 2 | 


¢ 12-bit wide instructions 

8-bit wide data path 

¢ Seven or eight special function hardware registers 
Two-level deep hardware stack 

Direct, indirect and relative addressing modes for 


Nh 
ro) 


SEPM JM TNR TM 
Ny Papaya 


>) 








data and instructions CMOS Technology 
Peripheral Features ¢ Low-power, high-speed CMOS EPROM/ROM tech- 
° 8-bit real time clock/counter (TMRO) with 8-bit nology 
programmable prescaler e Fully static design 
¢ Power-On Reset (POR) ¢ Wide-operating voltage range: 
° Device Reset Timer | - EPROM Commercial/Industrial 2.5V to 6.25V 
¢ Watchdog Timer (WDT) with its own on-chip RC - ROM Commerciai/Industrial 2.0V to 6.25V 
oscillator for reliable operation - EPROM/ROM Automotive 2.5V to 6.0V 
* Programmable code-protection e Low-power consumption 
¢ Power saving SLEEP mode - <2mAtypica!l @ 5V, 4 MHz 
* EPROM/ROM selectable oscillator options: - 15 pAtypical @ 3V, 32 kHz 
- RC: Low-cost RC oscillator - <3A typical standby current (with WDT dis- 
> XT: Standard crystal/resonator abled) @ 3V, 0°C to 70°C 
- HS: High-speed crystal/resonator 
- LP: Power saving, low frequency crystal 
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Package Types 





vSO91Old | 


= 
© 
acl 
D 
© 
ao 
om 


PSHO9LOId (| 


£S9919ld 
SS9910Id_ 
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1.0 GENERAL DESCRIPTION 


The PIC16C5X from Microchip Technology is a family 
of low-cost, high-performance, 8-bit, fully static, 
EPROM-based CMOS microcontrollers. This family is 
pin and software compatible with the Enhanced 
PIC16C5X family of devices. It employs a RISC-like 
architecture with only 33 single word/single cycle 
instructions. All instructions are single cycle (200 ns) 


except for program branches which take two cycles. 


The PIC16C5X delivers performance an order of mag- 
nitude higher than its competitors in the same price cat- 
egory. The 12-bit wide instructions are highly 
symmetrical resulting in 2:1 code compression over 
other 8-bit microcontrollers in its class. The easy to use 


and easy to remember instruction set reduces develop- 


ment time significantly. 


The PIC16C5X products are equipped with special fea- 
tures that reduce system cost and power requirements. 
The Power-On Reset (POR) and Device Reset Timer 
eliminate the need for external reset circuitry. There are 
four oscillator configurations to choose from, including 
the power-saving LP (Low Power) oscillator and 
cost-saving RC oscillator. Power saving SLEEP mode, 
watchdog timer and code protection features improve 
system cost, power and reliability. 


The UV-erasable CERDIP-packaged versions are ideal 
for code development, while the cost effective One 
Time Programmable (OTP) versions are suitable for 
production in any volume. The customer can take full 
advantage of Microchip’s price leadership in OTP 
microcontrollers while benefiting from the OTP’s flexi- 
bility. 

The PIC16C5X products are supported by a full-fea- 
tured macro assembler, a software simulator, an in-cir- 
cuit emulator, a ‘C’ compiler, fuzzy logic support tools, 
a low-cost development programmer, and a full fea- 
tured programmer. All the tools are supported by IBM® 
PC and compatible machines. 


1.1 Applications 


The PIC16C5X series fits perfectly in applications rang- 
ing from high-speed automotive and appliance motor 
control to low-power remote transmitters/receivers, 
pointing devices and telecom processors. The EPROM 
technology makes customizing application programs 
(transmitter codes, motor speeds, receiver frequen- 
cies, etc.) extremely fast and convenient. The small 
footprint packages, for through hole or surface mount- 
ing, make this microcontroller series perfect for applica- 
tions with space limitations. Low-cost. low-power, high 
performance, ease of use and |/O flexibility make the 
PIC16C5X series very versatile even in areas where no 
microcontroller use has been considered before (e.g., 
timer functions, replacement of “glue” logic in larger 
systems, co-processor applications). 


AE PRE ESC EES ESSE Bc AAA AP I el OS DOSS ES SOA AEC EAS AEE APC PET POE TE TEP ES IT SE SE TS OE EIS EI ES TETAS ST TE LATE, 
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TABLE 1-1: PIC16C5X FAMILY OF DEVICES 











PIC16C54A 























PIC16CRS7A | 20 | | TMRO a } 20 | 2.0-6.25 | '28-pin DIP, 28-pin SOIC, 28 pin SSOP pin SSOP 
prvecrsaa} 2 [— [ak [ 7 [wre —[  [2oeas| « [iepn oi tepn 80 toa SSOP 


Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current 
capability. 
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2.0 PIC16C5X DEVICE VARIETIES 


A variety of frequency ranges and packaging options 
are available. Depending on application and production 
requirements, the proper device option can be selected 
using the information in this section. When placing 
orders, please use the “PIC16C5X Product Identifica- 
tion System” on the back page of this data sheet to 
specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in CERDIP package 
is optimal for prototype development and pilot pro- 
grams 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes. Microchip's 
PICSTART™ and PRO MATE™ programmers both sup- 
port programming of the PIC16C5X. 


2.2 One-Time-Programmable (OTP 
Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and 
updates. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the pro- 
gram memory, the configuration fuses must be pro- 
grammed. 


2.3 Quick-Turnaround-Production (QTP) 
Devices 


Microchip offers a QTP Programming Service for fac- 
tory production orders. This service is made available 
for users who choose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already pro- 
grammed by the factory. Certain code and prototype 
verification procedures apply before production ship- 
ments are availabie. Piease coritact your Microchip 
Technology sales office for more details. 


2.4 Serialized Quick-Turnaround- 


Production (SQTP) Devices 


Microchip offers the unique programming service 
where a few user-defined locations in each device are 
programmed with different serial numbers. The serial 
numbers may be random, pseudo-random or sequen- 
tial. 


Serial programming allows each device to have a 
unique number which can serve as an entry-code, 
password or ID number. 


2.5 Read Only Memory (ROM) Device 


Microchip offers masked ROM versions of several of 
the highest volume parts, giving the customer a low 
cost option for high volume, mature products. 


RAR EEC TOTS OTITIS PSE ESC IE TY EE SI S TTR AS OE ETS P SE So BCEAO T ENS 2 ETI TIE SEP ET TED ESD TNE EI ETB TASTE A SG SEITE EEE OIE EIEIO PETE ETT TE HEE LEA IE LE FI FTI ER TELEPORT EE I TS ETI ST E TEED 
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NOTES: 
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3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16C5X family can be 
attributed to a number of architectural features com- 
monly found in RISC microprocessors. To begin with, 
the PIC16C5X uses a Harvard architecture in which 
program and data are accessed on separate buses. 
This improves bandwidth over traditional von Neumann 
architecture where program and data are fetched on 
the same bus. Separating program and data memory 
further allows instructions to be sized differently than 
the 8-bit wide data word. Instruction opcodes are 
12-bits wide making it possible to have all single word 
instructions. A 12-bit wide program memory access 
bus fetches a 12-bit instruction in a single cycle. A 
two-stage pipeline overlaps fetch and execution of 
instructions. Consequently, all instructions (33) execute 
in a single cycle (200 ns @ 20 MHz) except for pro- 
gram branches. 


The PIC16C58 and PIC16C57 address 2K x 12 pro- 
gram memory, the PIC16C55 and PIC16C56 address 
1K x 12, and the PIC16C54 addresses 512 x 12 of pro- 
gram memory. All program memory is intemal. 


The PIC16C5X can directly or indirectly address its 
register files and data memory. All special function reg- 
isters including the program counter are mapped in the 
data memory. The PIC16C5X has a highly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any 
addressing mode. This symmetrical nature and lack of 
‘special optimal situations’ make programming with the 
PIC16C5X simple yet efficient. In addition, the learning 
curve is reduced significantly. 


The PIC16C5X device contains an 8-bit ALU and work- 
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions 
between data in the working register and any register 
file. 


The ALU is 8-bits wide and capable of addition, sub- 
traction, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple- 
ment in nature.. In two-operand instructions, typically 
one operand is the W register (working register). The 
other operand is a file register of an immediate con- 
stant. In single operand instructions, the operand is 
either the W register or a file register. 


The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow and digit borrow out bit, respec- 
tively, in subtraction. See the SUBWF and ADDWF 
instructions for examples. 





A simplified block diagram is shown in Figure 3-1, with 
the corresponding device pins described in Table 3-1 
and Table 3-2. 
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FIGURE 3-1: PIC16C5X SERIES BLOCK DIAGRAM 


EPROM/ROM oe Ri oe STACK 1 Took! CONFIGURATION WoRD | OSC1 osce MOIR 


512 X 12 TO STACK2 a ” 
2048 X 12 ogee | DISABLE” | 


oe | wil 4 
TIMER “CODE ms 
PROTECT’| — | OSCILLATOR/ 


INSTRUCTION an | : * TIMING & 
REGISTER - 4 — - CONTROL 


_ WDT TIME WDT/TMRO CLKOUT 
OUT PRESCALER 


“SLEEP” 
INSTRUCTION | 
DECODER . 
OPTION REG.|<—— “OPTION” — 
DIRECT ADDRESS DIRECT RAM 
? 2 ADDRESS 





GENERAL 
PURPOSE 


| | nh | | _| REGISTER 
= | | e FILE 
: (SRAM) 


24-73 Bytes 


LITERALS 


| As | 8 
“TRIS 5” “TRIS 6” “TRIS 7” 
——+| TRISA | PORTA ——»| TRISB | PORTB TRISC |PORTC 
Ks 


8 


RA3:RA0 RB7:RBO RC7:RCO 
(28 Pin 


Devices 
Only) 
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TABLE 3-1: PIC16C54/CR54/C56 PINOUT DESCRIPTION 








pin is an active low reset to the device. Voltage on 
MCLR/VppP must not exceed VbpD to avoid unintended 
entering of test modes. 















Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 

denotes the instruction cycle rate. 


Positive supply for logic and 1/O pins. 


Ground reference for logic and I/O pins 


Legend: l=input, O=output, |/O=input/output, P=power, — =Not Used, TTL=TTL input, ST=Schmitt Trigger input 
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TABLE 3-2: PIC16C55\C57 PINOUT DESCRIPTION 


DIP, SOIC vorr | Buffer “ | ae ae ee 
| No. | No. | Type| | Type | : | P 


TRAO.”t~«~*S 0 | TTL Bi-directional I/O por 
/O 
/O 
/O 








28 ST | Master Sar (reset) input/programming oe input. This 
pin is an active low reset to the device. Voltage on 
MCLR/Vpp must not exceed Vpp to avoid unintended 
entering of test modes. 


OSCI/CLKIN Sie Kal Bak Oscillator crystal input/extemal clock source input. 


OSC2/CLKOUT 26 Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
Siete the nstivelion cycle eS 


von | 2 | 84 | P| — [Positive supplyforlogicandVOpins. 
Wes | 4 [te P| = round reference for loge and 0 ph 
Iwo | 8S | ~~ | — | = | Unused, do not connect 


Legend: l=input, O=output, |/O=input/output, P=power, — =Not Used, TTL=TTL input, ST=Schmitt Trigger input 
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3.1 Clocking Scheme/Instruction Cycle 


The clock input (OSC1/CLKIN pin) is intemally divided 
by four to generate four non-overlapping quadrature 
clocks namely Q1, Q2, Q3 and Q4. Internally, the pro- 
gram counter (PC) is incremented every Q1, and the 
instruction is fetched from program memory and 
latched into the instruction register in Q4. It is decoded 
and executed during the following Q1 through Q4. The 
clocks and instruction execution flow is shown ‘in 
Figure 3-2 and Example 3-1. 


FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 


3.2 Instruction Flow/Pipelinin 


An Instruction Cycle consists of four Q cycles (Q1, Q2, 
Q3 and Q4). The instruction fetch and execute are 
pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) then 
two cycles are required to complete the instruction 
(Example 3-1). 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. 


In the execution cycle, the fetched instruction is latched 
into the Instruction Register (IR) in cycle Q1. This 
instruction is then decoded and executed during the 
Q2, Q3, and Q4 cycles. Data memory is read during Q2 
(operand read) and written during Q4 (destination 
write). 


| Q2 | Q3 | Q4 1 Qt | G2] QB} Q4 1 Qt] G2] Q3 {| 4 | 


Q2 


Internal 


hase 
Q3 p< flock 


Tete ee ese et ae eee ee 
ae | | 


PC 


OSC2/CLKOUT 
(RC mode) 
Fetch INST (PC 
Execute INST (PC-1 


EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 





+ + 


Fetch INST (PC+1 
Execute INST (PC Fetch INST (PC+2 
LCEXecute INST (PC+1) 


55h | CS CExecute 1 | 
PORTB Fetch 2 


SUB_1 
PORTA, BIT3 


Fetch 3 eae 
| Fetch SUB_1 


All instructions are single cycle, except for any program branches. These take two cycles since the fetch 
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed. 
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NOTES: 
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4.0 MEMORY ORGANIZATION 
4.1 Program Memory Organization 


Up to 512 words of 12-bit wide on-chip program mem- 
ory (EPROM/ROM) can be directly addressed. Larger 
program memories can be addressed by selecting one 
of up to four available pages of 512 words each 
(Figure 4-1). Sequencing of instructions is controlled 
via the Program Counter (PC) which automatically 
increments to execute in-line programs. Program con- 
trol operations supporting direct, indirect, and relative 
addressing modes, can be performed by bit test and 
skip instructions, call instructions, jump instructions or 
by loading computed addresses into the PC. In addi- 
tion, an on-chip two-level stack is employed to provide 
easy to use subroutine nesting. 


4.2 Data Memory Organization 


The 8-bit data bus connects two basic functional ele- 
ments together: the Register File composed of up to 80 
addressable 8-bit registers including the I/O Ports, and 
an 8-bit wide Arithmetic Logic Unit. 32 bytes of RAM 
are directly addressable while a “banking” scheme, 
with banks of 16 bytes each, is employed to address 
larger data memories (Figure 4-2). Data can be 
addressed directly, or indirectly using the file select reg- 
ister. Immediate data addressing is supported by spe- 
cial “literal” instructions which load data from program 
memory into the W register. 


The register file is divided into two functional groups: 
Special Function registers and General Purpose regis- 
ters. The special function registers include the TimerO 
(TMRO) register, the Program Counter (PC), the Status 
Register, the I/O registers (ports), and the File Select 
Register (FSR). The general purpose registers are 
used for data and control information under command 
of the instructions. 


In addition, special purpose registers are used to con- 
trol the 1/0 port configuration and prescaler options. 


4.2.1 GENERAL PURPOSE REGISTER FILE 


The register file is accessed either directly or indirectly 
through the file select register FSR (Section 4.5). 


4.2.2 SPECIAL FUNCTION REGISTERS 


The Special Function Registers are registers used by 
the CPU and peripheral functions to control the opera- 
tion of the device (Table 4-1). 


The special registers can be classified into two sets. 
The special registers associated with the “core” func- 
tions are described in this section. Those related to the 
operation of the peripheral features are described in 
the section for each peripheral feature. 
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FIGURE 4-1: PROGRAM MEMORY ORGANIZATION 








from PA1 STATUS<6> (PIC16C57 Only) 


GoTo, CALL instruction with PC as destination..........:.s00. 
from PAO STATUS<5> (PIC16C56/57 Only) 


GOTO, CALL instruction with PC as destination............cse00 


GOTO direct from instruction word 
CALL instruction with PC as destination always ‘0 


GOTO: CALL wasinsscvic cctcatiaiecemeceessuenuscestmrsetons sieesbaiaes 
Instruction with PC as destination.......... causeaetenveatt 


ab STACK LEVEL 1 
| | STACK LEVEL2 |. - 


MAX. EPROM ADDRESS FOR: 






direct from instruction word 
from ALU 







1 PIC16C54\CR54\55 _. 


PIC16C56 


PIC16C57 
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FIGURE 4-2: DATA MEMORY MAP 














File 
Address 76543210 
00 
CALL 
01 retrtw 199876543210 109876543210 

















o2 [ATOTASTAS|PCL_—s|<——> STACK STACK 2 
04 Fon 76543210 
05 PORTA | TRISA | 
= TRISB 543210 
08 TRISC OPTION 
09 To and from 
OA register file 
0B via ALU 
0C Register —""- 
0D 
= ne From Program Memory 
Bit 6, 5 of FSR: Bank Select 
(PIC16C57 Only) 

10 

11 

12 

13 

14 

. General 

17 Purpose General Purpose 

ae ed Register File 

PIC16C57 Onl 

19 (All Types) ( nly) 

1A 

1B 

1c 

1D 

1E | (Bank 0) (**) | (Bank 1) ("*) | (Bank 2) ("™*) | (Bank 3) (**") 

ve 3F 5F 7F 

(*) Not a physically implemented register. See Section 4.5 for details. 


(**) File address 7h is a general purpose register on the PIC16C54\CR54\C56 only. 


(***) | Bank 0 is available on all microcontrollers while Bank 1, Bank 2, and Bank 3 are only available on the 
PIC16C57. (Section 4.5). 
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TABLE 4-1: .PIC16C5X REGISTER FILE SUMMARY 
















Value on Value on 
Address | Name Bit 7 Bit 6 Power-On and 
Reset WDT Reset 











| ooh | INDF Uses contents of FSR to address data memory (not a physical register) aes aes 
a4 8-bit real-time clock/counter | sees ore | ws a 
[ah [POL | teworder atin ofPG tn [aa 
a 
2 LT Te A Es.) 
o_o A 


| och | PORTB | 7 | uuuy uuuu | uuuu 


ron [ee PORTC XXXX xXxxx | UUUU UUUU 
(Note 2) 


Legend: x= unknown, u = unchanged. - = Unimplemented, Read as '0". 
Note 1: The upper byte of the program counter is not alee accessible. The upper bits can be set or cleared by writing to PA1: 
PAO (STATUS <6:5>). 
2: File address 7h is a general purpose register on the PICt 6C54\CR54\C56. 
3: Shading indicates unimplemented bits. 






















DS30015L-page 2-20 © 1995 Microchip Technology Inc. 


PIC16C5X 








4.3 STATUS Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for pro- 
gram memories larger than 512 words . 


As with any other register, the STATUS register can be 
the destination for any instruction. However, the 
STATUS bits are set after the following write. 
Furthermore, the TO and PD bits are not writable. 
Therefore, the result of an instruction with STATUS 
register as destination may be different than intended. 


FIGURE 4-3: STATUS REGISTER 


bitO | TO, PD are uniquely set or cleared 


For example, CLRF STATUS will clear all bits except for 
TO and PD and then set the Z bit and leave status 
register as 000u u100 (where u = unchanged). 


Therefore, only BCF, BSF and MOVWF instructions 
should be used to alter the STATUS register because 
these instructions do not affect any STATUS bit. 


For other instructions, which do affect STATUS bits, 
see Table 8-2, Instruction Set Summary. 


Writable 
Readable 
Unimplemented, 
read as ‘0' 


Register: 
Address: 
POR value: 


R: 
0001 I1xxx} U: 


C: Carry/dorrow bit. 
For ADDWF and ADDLwW instructions. 


1= Acarry-out from the most significant bit of the result occurred 
Note that a subtraction is executed by adding the two's 


complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

0 = No carry-out from the most significant bit of the result 

Note: For borrow the polarity is reversed. 


DC: Digit carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the 4th low order bit of the result occurred 
0= Nocarry-out from the 4th low order bit of the result 

Note: For Borrow the polarity is reversed. 


Z: Zero bit 
The result of an arithmetic or logic operation is zero 
The result of an arithmetic or logic operation is not zero 


: Power-down bit 
After power-up or by a CLRWDT instruction 
By execution of the SLEEP instruction 


: Time-out bit 
After power-up and by the CLRWDT and SLEEP instruction 
A watchdog timer time-out has occurred 


PA1:PAO: Program Page Pre-select bits 
(P!IC16C56 and PIC16C57 only). 

00 = Page 0 (000 - 1FF) 

01 = Page 1 (200 - 3FF) 

10 = Page 2 (400 - 5FF) 

11 = Page 3 (600 - 7FF) 


Each Bank is 512 words. 
Using the PA1:PA0 bits as general purpose read/write bits in devices 


which do not use them for Program Page Pre-select is not recommended, 
since this may affect upward compatibility with future products. 


PA2: This bit is unimplemented at this time. 


Use of the PA2 bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.4. OPTION Register 


The OPTION register is a 6-bit wide, write-only register 
which contains various control bits to configure the 
TMRO/WDT prescaler, the external INT interrupt and 
TMRO. mf | ee , 


By executing the OPTION instruction, the contents of 
the W register will be transferred to the OPTION regis- 
ter. ARESET sets the OPTION register to all ‘1's. 


FIGURE 4-4: OPTION REGISTER 





UU Ww Ww W Ww W WwW ; 
Register: | OPTION W: Write only 
SS TOCS | TOSE | PSA | PS2|PS1| PSo | Address: N/A U:  Unimplemented. 


bit7 bit POR value: FFh Read as '0' 


| pso-pso CL AESCALER VALUE | MRO RATE | WDT RATE 


PS2___PS1__PSO 
0 





0 
0 
0 
1 
1 
1 
1 


a a ee ee ee ee 

oe . o ee ee «8 
ne a ae ee a a 
re ee 


1 


PSA: Prescaler assignment bit 
1 = Prescaler assigned to the WDT 
0 = Prescaler assigned to TMRO 


TOSE: TMRO source edge select bit 


1 = Increment on high-to-low transition on TOCKI pin 
0 = Increment on low-to-high transition on TOCKI pin 


TOCS: TMRO clock source bit 


1 = Transition on TOCK! pin 
0 = Internal instruction cycle clock (CLKOUT) 


Unimplemented: Read as ‘0’ 
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4.5 indirect Data Addressing, INDF and 
FSR Reaister 


The INDF register is not a physical register and is used 
in conjunction with the FSR register to perform indirect 
addressing. 


Indirect addressing is possible by using the INDF reg- 
ister. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). Reading INDF itself (i.e., FSR = 0) indirectly 
will produce OOh. Writing to the INDF register indirectly 
results in a no-operation (although STATUS bits may 
be affected). 


Asimple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-1. 


EXAMPLE 4-1: INDIRECT ADDRESSING 


movlw 0x10 ; Initialize pointer 
movwEt FSR ; to RAM 
Next CLre INDF ; Clear loc 
Incest FSR ; increment pntr 
btfse FSR,4 - All done? 
goto Next » No, clear next 
; Location 


FIGURE 4-5: DIRECT/INDIRECT ADDRESSING 


Direct Addressing 
RA1:RAO 5 from opcode 


ft) CEE 


) Saari 
bank select location ae os aaa 


Data 
Memory 


BankO Bank 1 


Note1: For register map detail see Figure 4-2. 
2: RA1 and RAO are FSR<6> and FSR<5>, respectively. 





45.1 FILE SELECT REGISTER (FSR) 


The FSR is either a 5-bit (PIC16C54\CR54\C55\C56 ) 
or 7-bit (PIC16CR57) wide register. It is used in con- 
junction with the INDF register to indirectly address the 
data memory area. The FSR<4:0> bits are the pointer 
for data memory addresses 00h to 1Fh. FSR<4:0> tog- 
gles between the 16 lower (ooh-OFh) and 16 upper 
(10h-1Fh) register files. When clear, FSR<4> points to 
the lower 16 register files and, when set, points to the 
upper 16 register files. FSR<3:0> provide the value to 
address the specific register file within oar) 16 file 
area. 


When not performing indirect addressing, the FSR can 
be used as a 5-bit (FSR<4:0>) wide general purpose 
register. However, this is not recommended to help 
ensure future upward code compatibility. 


PIC16C54\CR54\C55\C56: Does not use banking. 
FSR<7:5> are unimplemented and read as '1's. 


PIC16CR57: FSR<6:5> are the bank select bits and 
are used to select the bank to be addressed (00 = 
bank 0, 01 = bank 1, 10 = bank 2, 11 = bank 3). The 
lower 16 register files for banks 1, 2 and 3 are mapped 
to bank O, and are not accessible.. In other words, the 
FSR<6:5> bits are ignored if FSR<4> is clear (= 0). 
FSR<7> is unimplemented and is always read as '1'. 


indirect Addressing 
6 FSR 0 


Na ee ee 
| bank location select 


Bank2 Bank3 


© 1995 Microchip Technology Inc. 


DS30015L-page 2-23 











ICT 6C5X 


4.6  Proaram Counter 


The program counter generates the addresses for up to 
2048 x 12 on-chip EPROM/ROM cells containing the 
program instruction words (Figure 4-1). 


Depending on the device type, the program counter 


and its associated two-level hardware stack is 9 or 
11-bits wide. : os | 


TABLE 4-2: | PROGRAM COUNTER STACK 


WIDTH | 

















PIC16C56 10-bit 10-bit 
PIC16C57 11-bit 


The program counter is set to all ‘1's upon RESET. 
During program execution it is auto-incremented with 
each instruction unless the result of that instruction 
changes the PC itself. ; : 





a) The Goro instruction allows the direct loading of 
the lower nine program counter bits (PC<8:0>). 
In the case where the program memory is 
greater than 512 bytes, the upper two bits of PC - 
(PC<10:9>) are loaded with page select bits 
PA1:PAO (STATUS<6:5>). Thus, GOTO allows 
jumps to any location on any page. 

b) The CALL instruction loads the lower 8-bits of 
the PC directly, while the ninth bit is cleared to 
‘0'. The PC value, incremented by one, will be 
pushed into the stack. In cases where the pro- 
gram memory is greater than 512 bytes, the 
upper 2-bits of PC (PC<10:9>) are loaded with 
Page Select bits PA1:PAO (STATUS<6:5>). 

c) The RETLW instruction loads the program 
counter with the Top Of Stack (TOS) contents. 


d) If the PC is the destination in any instruction 
(e.g. MOVWF PC, ADDWF PC, or BSF PC,5) 
then the computed 8-bit result will be loaded into 
the lower 8-bits of program counter. The ninth bit 
of PC will be cleared. In case where the pro- 
gram memory is greater than 512 bytes, 
PC<10:9> will be loaded with Page Select bits 
PA1:PAO (STATUS<6:5>). 


PIC16C54\CR54\C55 : 


It should be noted that because bit8 (ninth bit) of the PC 
is cleared in the CALL instruction or any instruction 
which writes to the PC (e.g. MOVWF PC), all subroutine 


calls or computed jumps are limited to the first 256 


locations of any program memory page (512 words 
long). 


Incrementing the program counter when it is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page preselect bits in 
the STATUS register will not be changed, and the next 
GOTO, CALL, ADDWF PC, of MOVWF PC instruction will 
return to the previous page, unless the page preselect 
bits have been updated under program control. For 
example, an NoP at location 1FFh (page 0) increments 
the PC to 200h (page 1). AGOTO xxx at 200h will 
return the program to address xxxh on page 0 (assum- 
ing that PA1:PAO is clear). 


Upon a RESET condition, page 0 is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a GOTO instruction at this location will 
automatically cause the program to continue in page 0. 
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4.7 W (Working) Register 


The W register holds the second operand in two oper- 
and instructions and/or supports the internal data trans- 
fer. 


EVENTS AFFECTING TO/PD 
STATUS BITS 


| Event | TO | PD | Remarks | 


TABLE 4-3: 





A WDT timeout will occur regardless of the status of 
the TO bit. A SLEEP instruction will be executed, 
regardless of the status of the PD bit. Table 4-4 
reflects the status of TO and PD after the corre- 
sponding event. 


4.7.1. TIME OUT AND POWER DOWN STATUS 
BITS (TO, PD) 


The TO and PD bits in the STATUS register can be 
tested to determine if a RESET condition has been 
caused by a Watchdog Timer time-out, a power-up 
condition, or a wake-up from SLEEP by the Watchdog 
Timer or MCLR pin. 


These STATUS bits are only affected by events listed in 
Table 4-3. 


TO/PD STATUS AFTER 
RESET 


TO | PD | _RESETwascausedby 
| 0 | 0 [WOT wake-up trom SLEEP 
[0 | 2 |woT time-out (not during SLEEP) 
[1 [6 [MOEA wake-up from SLEEP 


The TO and PD bits maintain their status (u) until an 
event of Table 4-3 occurs. Alow-pulse on the MCLR 
input does not change the TO and PD status bits. 


TABLE 4-4: 
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NOTES: 
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5.0 I/O PORTS 


As with any other register, the I/O registers can be writ- 
ten and read under program control. However, read 
instructions (e.g., MOVF PORTB, W) always read the I/O 
pins independent of the pin’s input/output modes. On 
RESET, all I/O ports are defined as input (outputs are 
at hi-impedance) as the I/O control registers (TRISA, 
TRISB, TRISC) are all set. 


5.1 PORTA 


PORTA is a 4-bit I/O register. Only the low order 4 bits 
are used (RA3:RAO). Bits 7-4 are unimplemented and 
read as ‘0's. 


5.2 PORTB 
PORTB is an 8-bit I/O register (PORTB<7:0>). 
5.3 PORTC 


PIC16C55/C57: 8-bit I/O register. 
PIC16C54/CR54/C56: General purpose register. 


5.4 TRIS Registers 


The output driver control registers are loaded with the 
contents of the W register by executing the TRIS £ 
instruction. A'1' from a TRIS register bit puts the corre- 








sponding output driver in a hi-impedance mode. A 'O' 
puts the contents of the output data latch on the 
selected pins. 









- iO 


eae po ae FINA iC honk: uF FC . pl ; 
The TRIS registers are “write-only’ and are set to all '1's 
(output drivers disabled) upon RESET. 


5.5 VO Interfacing 


The equivalent circuit for an I/O port pin is shown in 
Figure 5-1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by 
an input instruction (e.g. MOVF PORTB, W). The out- 
puts are latched and remain unchanged until the output 
latch is rewritten. To use a port pin as output, the corre- 
sponding direction control bit (in TRISA, TRISB, 
TRISC) must be cleared (= 0). For use as an input, the 
corresponding TRIS bit must be '1'. Any I/O pin can be 
programmed individually as input or output. 





FIGURE 5-1: EQUIVALENT CIRCUIT FOR A SINGLE I/O PIN 


To Data Bus 


From: 
W Register 


TRIS '‘f' 


"Reset" 


1/0 Pin 


Note: I/O pins have protection diodes to VDD and Vss. 
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5.6 VO Programming Considerations 
5.6.1 BI-DIRECTIONAL I/O PORTS 


Some instructions operate internally as read followed 
by write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation and re-output the result. Caution must be 
used when these instructions are applied to a port 
where one or more pins are used as input/outputs. For 
example, a BSF operation on bitS of PORTB will cause 
all eight bits of PORTB to be read into the CPU. Then 
the BSF operation takes place on bit5 and the PORTB 
value is written to the output latches. If another bit of 
PORTB is used as a bi-directional I/O pin (say bit0) and 
it is defined as an input at this time, the input signal 
present on the pin itself would be. read into the CPU and 
rewritten to the data latch of this particular pin, overwrit- 
ing the previous content. As long as the pin stays in the 
input mode, no problem occurs. However, if bitO is 
switched into output mode later on, the content of the 
data latch may now be unknown. - 


Example 5-1 shows the effect of two sequential 
read-modify-write instructions (e€.g., BCF, BSF, etc.) on 
an I/O PORT. | 


A pin actively outputting a HI or LO should not be driven 
from external devices at the same time in order to 
change the level on this pin (“wired-or’, “wired-and”). 
The resulting high output currents may damage the 
chip. 


FIGURE 5-2: SUCCESSIVE /O OPERATION 





‘ Qi] Q2] Q3] Q4* Q1] Q2]_Q3] Q4: Qt] Q2] 3] Q4° Qt] Q2} Q3] Q4: 
PC \_PC+1_X + Pose) 


instruction | MOVWF PORTB ‘MOVE PORTBW + 


write to 


RB7:RBO , x 


NOP NOP Note that: 


EXAMPLE 5-1: READ-MODIFY-WRITE 
INSTRUCTIONS ON AN I/O 
PORT 

; Initial PORT Settings 

: -PORTB<7:4> Inputs 

: PORTB<3:0> Outputs 

; PORTB<7:6> have external pull-ups and are 

;not connected to other circuitry 

? PORT latch PORT pins 


BCF PORTB, 7 
BCF PORTB, 6 


; Olpp pppp lipp pppp 
BSF STATUS,RPO ; 


1O0pp pppp lipp pppp 


MOVLW 03Fh 
TRIS PORTB 10pp pppp 10pp pppp 
;Note that the user may have expected the pin 
; values to be O0pp pppp. The 2nd BCF caused 


;RB7 to be latched as the pin value (High). 


5.6.2 SUCCESSIVE OPERATIONS ON I/O 
_ PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle 
(Figure 5-2). Therefore, care must be exercised if a 
write followed by a read operation is carried out on the 


same I/O port. The sequence of instructions should 


allow the pin voltage to stabilize (load dependent) 
before the next instruction, which causes that file to be 
read into the CPU, is executed. Otherwise, the 
previous state of that pin may be read into the CPU 
rather than the new state. When in doubt, it is better to 
separate these instructions with a NOP or another 
instruction not accessing this I/O port. 


Note: 


PC +3 This example shows a write to PORTB 
followed by a read from PORTB. 


data setup time = (0.25 Tcy - TPD) 
where TCY = instruction cycle. 
TPD = propagation delay 


Therefore, at higher clock frequencies, 
a write followed by a read may be problematic. 


‘ Port pin 
. sampled here 


Instruction 
NOP 


write to ' 


executed ' MOVWF PORTB :MOVF PORTB.W | 
PORTB 





EI AARP RE SES Ln TES A AE PE APE EE SEES I APY a ESE LE EATS EE ESAS A PAE AS A ARIS  SE DEEP OTR AEA TET DEGAS BE EES AIS TA SATE ESA DALE SESE SE BESS NEE TOTTI EE TASTE DDS DE PTR 2 OLE AE LEELA IE ED, 
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6.0 TIMERO (TMRO) MODULE 


The TMRO module timer/counter has the following fea- 
tures: 


e 8-bit timer/counter 

e Readable and writable 

¢ 8-bit software programmable prescaler 

e Internal or external clock select 

e Edge select for external clock 

Figure 6-1 is a simplified block diagram of the TMRO 


module, while Figure 6-2 shows the electrical structure 
of the TMRO input. 


Timer mode is selected by clearing the TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 
two cycles (Figure 6-3 and Figure 6-4). The user can 
work around this by writing an adjusted value to the 
TMRO module. 


FIGURE 6-1: TMRO BLOCK DIAGRAM 


: Programmable ; 


Prescaler 


PS2, PS1, PSO 


TOCS 


Counter mode is selected by setting the TOCS bit 
(OPTION<5>). In this mode TMRO will increment 
either on every rising or falling edge of pin TOCKI. The 
incrementing edge is determined by the TO source 
edge (TOSE) select bit (OPTION<4>). Clearing the 
TOSE bit selects the rising edge. Restrictions on the 
external clock input are discussed in detail in 
Section 6.1. 


The prescaler is shared between the TMRO module 
and the watchdog timer. The prescaler assignment is 
controlled in software by the control bit PSA 
(OPTION<3>). Setting the PSA bit will assign the pres- 
caler to the WDT and cause the prescale for TMRO to 
be 1:1. Clearing the PSA bit will assign the prescaler 
to TMRO. The prescaler is neither readable nor writ- 
able. When the prescaler is assigned to the TMRO 
module, prescale value of 1:2, 1:4, ..., 1:256 are select- 
able. Section 6.2 details the operation of the prescaler. 


Data bus 


Sync with 
internal 
clocks 


(2 cycle delay) 


PSA 


Note 1: Bits, TOCS, TOSE, PSA, PS2, PS1 and PSO are located in the OPTION register. 
2: The prescaler is shared with Watchdog Timer (Figure 6-6). 





FIGURE 6-2: ELECTRICAL STRUCTURE OF TOCKI PIN 


Schmitt Trigger 


Input Buffer 
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FIGURE 6-3: TMRO TIMING: INTERNAL CLOCK/NO PRESCALE 


(ogra 
ounter 
Instruction 
Fetch 


TMRO 


O11 22] aa oy lace Q4, ee Q3| Q4; ena Q4; ‘ar|aa Q3j Q4; ie ag Q4, ‘arlaaiag Q4; 21] 229 Sa 


eee. ' Write TMRO ! Read TRO! Read TMRo' Read TMRo ' Read TMRO ' Read TMRO ' 


execut ted reads NTO 


reads NTO. ' reads NTO reads NTO+ 1 reads NTO +2 





FIGURE 6-4: TMRO TIMING: INTERNAL CLOCK/PRESCALE 1:2. 


,Q1| Q2/Q3) aa Q1| Q2/ Q3] Q4; Q1] Q2} QA Q4 'Q1| Q2| Qj Q4; cOTIee| Qa Q4; sods Neva ba Q4; sues Q3g Q4} a Qa cal 


(Program 
ounter 


Instruction ; MOVWE ™ ROMOVF TMRO, WMOVF TMRO, WMOVF TMRO, WMOVF TMRO, WMOVF TMRO, Ww 
etc 


TMRO 


Instruction! | Write TMRO ! 


Rea 
Execute executed roads NTO 


6.1 Using TMRO with External Clock 


When an extemal clock input is used for TMRO, it must 
meet certain requirements to be able to synchronize 
with the internal phase clock (Tosc). Also, there is a 
delay in the actual incrementing of TMRO after synchro- 
nization. 


6.1.4 EXTERNAL CLOCK SYNCHRONIZATION 


When no prescaler is used, the extemal clock input is 


the same as the prescaler output. Synchronizing 


TOCKI with the internal phase clocks requires sampling 
the prescaler output on the Q2 and Q4 cycles of the 
intemal phase clocks (Figure 6-5). Therefore, it is nec- 
essary for TOCKI to be high for at least 2 Tosc (plus a 
small RC delay) and low for at least 2 Tosc (plus a 
small RC delay). Refer to the appropriate electrical 
specification table. 


When a prescaler is used, the external clock input is 
divided by the asynchronous ripple-counter type pres- 
caler to ensure that the prescaler output is symmetrical. 
For the external clock to meet the sampling require- 
ment, the ripple counter must be taken into account. 
Therefore, it is necessary for TOCKI to have a period of 
at least 4 Tosc (plus a small RC delay) divided by the 
prescaler value. The only limitation on TOCKI high and 
low time is that they are greater than the minimum 
pulse width requirement of 10 ns. Referto parameters 
40, 41 and 42 in the appropriate electrical specification 
section. 


t 
' 
' 
' 


Read TMRO! Read ™ Ro! Read TM RO' Read TMRO ! 
reads NTO reads. NTO reads NTO reads NTO + 1 





6.1.2 TMRO INCREMENT DELAY 


Since the prescaler output is synchronized with the 
intemal clocks, there is a small delay from the time the 
external clock edge occurs to the time the TMRO mod- 
ule is actually incremented. Figure 6-5 shows the 
delay from the external clock edge to the timer incre- 
menting. 


6.2 Prescaler 


An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
Timer, (Section 6.1.2). For simplicity, this counter is 
being referred to as “prescaler’ throughout this data 
sheet. Note that there is only one prescaler available 
which is mutually exclusive between the TMRO module 
and the Watchdog Timer. Thus, a prescaler assign- 
ment for the TMRO module means that there is no pres- 
caler for the Watchdog Timer, and vice-versa. 


The PSA and PS2:PS0 bits (OPTION<3:0>) determine 
the prescaler assignment and prescale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g.,CLRF 1, MOVWF 1, 
BSF 1,x ....etc.) will clear the prescaler. When 
assigned to WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. The pres- 
caler is neither readable nor writable. On a RESET, the 
prescaler contains all ‘O's. 


Se A TE EC ISO TI EO EP RE AEE EE ETE ASO EEE ESE PIE aE ED CER GERBIL ETE IS SLB PT TS TE SESE IS TIO PAR LITO LOTT HET 
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FIGURE 6-5: TIMERO TIMING WITH EXTERNAL CLOCK 


Q1! Q2] Q3] Q4 | Q1! Q2I Q3i Q4 | Q1! Q2] Q3! Q4 | Q1! Q2! Q3l a4 
EXT CLOCK INPUT OR Small pulse 
PRESCALER OUT (NOTE 2) LA\L\\\ LAA misses sampling 


EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 


Notes: 


. Delay from clock input change to TMRO increment is 3 Tose to 7 Tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 Tosc max. 

. External clock if no prescaler selected, Prescaler output otherwise. 

. The arrows indicate the points in time where sampling occurs. 





FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 


Tcy (=Fosc/4) Data Bus 


0 M 
TOCKI U 
S Dok 


TOSE 
TOCS 


8-to - 1IMUX PS2:PS0 


WDT Enable bit 


WDT 
Time-out 


Note: TOSE, TOCS, PSA, PS2:PS0 are bits in the OPTION register. 
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6.2.1. SWITCHING PRESCALER ASSIGNMENT 


The prescaler assignment is fully under software con- 
trol, i.e., it can be changed “on the fly” during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (Example 6-1) must be 
executed when changing the prescaler from TMRO to 
WDT. | 


EXAMPLE 6-1: CHANGING PRESCALER 


| (TMRO-WDT) 
CLRF TMRO- | ;Clear TMRO 
CLRWDT ;Clears WDT and 
;prescaler 
MOVLW '‘'xxxxlxxx'b ;Select new prescale 
OPTION — » svalue 


To change prescaler from the WDT to the TMRO mod- 
ule, use the sequence shown in Example 6-2. This 
sequence must be used even if the WDT is disabled. 


Note that a CLRWDT instruction should be executed 
before switching the prescaler. 


TABLE 6-1: 











SUMMARY OF TMRO REGISTERS 


RegisterName | ____——_—Funetion | __—Address___—|__Power-on Reset Value 
TMRO Timer/counter register 


OPTION Configuration and prescaler assign- N/A ~-11 1111 
| ment bits for TMRO. (Figure 4-4) 


Legend: x = unknown, - = unimplemented, read as 'O'. 








EXAMPLE 6-2: CHANGING PRESCALER | 


(WDT->TMRO) 
CLRWDT ;Clear WDT and 
;prescaler 
MOVLW 'xxxx0xxx'b ;Select TMRO, new 


;prescale value and © 
;clock source 
OPTION 









oth 


Note: For reset values of registers in other reset situations, refer to Table 4-1. 


TABLE 6-2: 






Legend: — = Unimplemented, read as '‘O'. 
Note: Shaded cells are not used by TMRO module. 





REGISTERS ASSOCIATED WITH TMRO 


[Address [Name | sit7 | site | sis | ota | Bits | site | Bet | ito 


TMRO TimerO - 8-bit real-time clock counter 
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7.0 SPECIAL FEATURES OF THE 
CPU 


What sets a microcontroller apart from other proces- 
sors are special circuits to deal with the needs of 
real-time applications. The PIC16C5X family of micro- 
controllers has a host of such features intended to max- 
imize system reliability, minimize cost through 
elimination of extemal components, provide power 
saving operating modes and offer code protection. 
These features are: 


¢ Oscillator selection 

e Reset 

e Power-On Reset (POR) 

e Device Reset Timer (DRT) 

e Watchdog Timer (WDT) 

e SLEEP 

¢ Code protection 

¢ ID locations 

The PIC16C5X has a watchdog timer which can be 
shut off only through configuration bit WDTE. It runs off 


of its own RC oscillator for added reliability. There is an 
18 ms delay provided by the Device Reset Timer 


(DRT), intended to keep the chip in reset until the crys- 
tal oscillator is stable. With this timer on-chip, most 
applications need no extemal reset circuitry. 


The SLEEP mode is designed to offer a very low cur- 
rent power-down mode. The user can wake up from 
SLEEP through external reset or through a watchdog 
timer time-out. Several oscillator options are also 
made available to allow the part to fit the application. 
The RC oscillator option saves system cost while the 
LP crystal option saves power. A set of configuration 
bits are used to select various options. 


7.1 Configuration Bits 


The configuration word consists of 4 or 12 bits, depend- 
ing on the device configuration. Configuration bits can 
be programmed to select various device configura- 
tions. Two are for the selection of the oscillator type, 
one is the Watchdog Timer enable bit, and one is the 
code protection bit. 


FIGURE 7-1: CONFIGURATION WORD FOR THE PIC16C5X 


Register: CONFIG | For specifics refer to the PIC16C5X 


Programming Specification 


ITE EEE LL [wore roses osc 





FOSC1:FOSCO: OSC selection bit 
11: RC oscillator 
10: HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: WDT enable bit 
1 = WDT enabled 
0 = WDT disabled 


CP: Code Protect bit 
1 = Code Protect Off 
0 = Code Protect On 


-Unimplemented 
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7.2 Oscillator Configurations | 
7.2.1. OSCILLATOR TYPES 


The PIC16C5X can be operated in four different oscil- 
lator modes.. The user can choose one vor following 
modes from the factory: 


e LP: Low Power Crystal 
e XT: Crystal/Resonator 
e HS: High Speed Crystal/Resonator 
e RC: Resistor/Capacitor 


7.2.2 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS : 


In XT, LP or HS modes a crystal or déramic sadonalor 
is connected to the OSC1/CLKIN and OSC2/CLKOUT 
pins to establish oscillation (Figure 7-2). The 
PIC16C5xX oscillator design requires the use of a paral- 
lel cut crystal. Use of a series cut crystal may give a fre- 
quency out of the crystal manufacturers specifications. 
When in XT, LP or HS modes, the device can have an 
external clock source drive the OSC1/CLKIN pin 
(Figure 7-3). 


FIGURE 7-2: CRYSTAL OPERATION (OR 
CERAMIC RESONATOR) (HS, 
XT OR LP OSC 


CONFIGURATION) 


PIC16C5X 


C2 Note1 


See Table 7-1 and Table 7-2 for recommended val- 
ues of C1 and C2. 


Note 1: Aseries resistor may be required for AT 
strip cut crystals. 





FIGURE 7-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 


OSC CONFIGURATION) 


Clock from > OSC1 
ext. system 7 PIC16C5X 


Open OSC2 





TABLE 7-1: CAPACITOR SELECTION 


FOR CERAMIC RESONATORS 


Osc ‘Resonator Cap. Range oe: Range 
Pe | Freq | See eel C2 
















455 [455 kHz | 68-100: | 68-100 pF 68-100 pF 
2.0 MHz 15-68 pF 15-68 pF 
4.0 MHz 10-100 pF 10-100 pF 


8.0 MHz 10-68 pF | 10-68 pF 
16.0 MHz 10-10 pF 10-10 pF 


These values are for design guidance only. Since 
each resonator has its own characteristics, the user 
should consult the resonator manufacturer for appro- 
priate values of external components. 


TABLE 7-2: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 


Osc _ | Resonator | Cap.Range | Cap. os 
a | Freq | eee eee 
32 32 kHzt | 33-68 | 33-68 pF 33-68 33-68 pF 
200 kHz | 15-33 pF 15-33 pF 





100 kHz 68-100 pF 68-100 pF 
2 MHz 10-22 pF 10-22 pF 
4 MHz 10-22 pF 10-22 pF 


| | 20 MHz 22-47 pF 22-47 pF 
t For VoD > 4.5V, C1 = C2 = 30 pF is recommended. 
These values are for design guidance only. Rs may 
be required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specification. 
Since each crystal has its own characteristics, the 


user should consult the crystal manufacturer for 
appropriate values of external components. 
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7.23 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types 
of crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 


Figure 7-4 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the fun- 
damental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a par- 
allel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 10 kQ potenti- 
ometers bias the 74AS04 in the linear region. This cir- 
cuit could be used for external oscillator designs. 


FIGURE 7-4: EXTERNAL PARALLEL 
| RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices 


PIC16C5X 


20 pF | 20 pF 





Figure 7-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre- 
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 330Q resistors provide the negative feed- 
back to bias the inverters in their linear region. 


FIGURE 7-5: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 


Devices 5 1616C5x 








7.2.4 RC OSCILLATOR 


For timing insensitive applications the RC device option 
offers additional cost savings. The RC oscillator fre- 
quency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operating 
temperature. In addition to this, the oscillator frequency 
will vary from unit to unit due to normal process param- 
eter variation. Furthermore, the difference in lead 
frame capacitance between package types will also 
affect the oscillation frequency, especially for low Cext 
values. The user also needs to take into account vari- 
ation due to tolerance of external R and C components 
used. Figure 7-6 shows how the R/C combination is 
connected to the PIC16C5X. For Rext values below 
2.2 kQ, the oscillator operation may become unstable, 
or stop completely. For very high Rext values (e.g., 
1 MQ) the oscillator becomes sensitive to noise, humid- 
ity and leakage. Thus, we recommend keeping Rext 
between 3 kQ and 100 kQ. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small extemal capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
capacitances, such as PCB trace capacitance or pack- 
age lead frame capacitance. 


See Section 9.0 for RC frequency variation from part to 
part due to normal process variation. The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller 
C (since variation of input capacitance will affect RC 
frequency more). 


See Section 9.0 for variation of oscillator frequency due 
to VDD for given Rext/Cext values as well as frequency 
variation due to operating temperature for given R, C, 
and VDD values. 


The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur- 
poses or to synchronize other logic. 


FIGURE 7-6: RC OSCILLATOR MODE 


PIC16C5X 


T 


Fosc/4 
OSC2/CLKOUT 
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7.3 Reset 


The PIC16C5X differentiates between various kinds of 
resets: 


° Power-On Reset. (POR) 

¢ MCLR reset during normal operation 
e MCLR reset during SLEEP 

e WDT time-out reset © 


Some registers are not attected i in any reset condition. 
Their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a “reset 
state” on Power-On Reset (POR), MCLR or a WDT 
reset. Note that the PIC16C5X does not differentiate 
between a WDT reset during SLEEP, or during normal 
operation. The TO and PD bits are set or cleared 
depending on the different reset (Table 7-3). These bits 
may be used to determine the nature of the reset. See 
Table 7-5 for a full description of reset states of all reg- 
isters. 


Figure 7-7 shows a simplified block diagram of the 
on-chip reset circuit. 


7.4 Power-On Reset (POR _and De vi e 
Reset Timer (DRT) . 


7.4.1. POWER-ON RESET (POR) 


The PIC16C5X family ‘incorporates an on. chip 
Power-On Reset (POR) circuitry which provides an 
intemal chip reset for most power-up situations. To use 
this feature the user merely needs to tie the MCLR/VpP 


FIGURE 7-7: | 


pin to Vbb. Figure 7-14 shows the electrical structure 
of TMRO inputs. A simplified block diagram of the 
on-chip Power-On Reset circuit is shown in Figure 7-7. 
The Power-On Reset circuit and the Device Reset 
Timer circuit are closely related. On power-up the reset 
latch is set and the DRT is reset. The DRT timer begins 
counting once it detects MCLR to be high. After the 
time-out period, which is typically 18 ms, it will reset the 
reset-latch and thus end the on-chip reset signal. 


Figure 7-8 and Figure 7-9 show two power-up situa- 
tions with relatively fast rise time on VOD. In Figure 7-8, 
Vop is allowed to rise and stabilize before bringing 
MCLR high. The ) chip | will actually come out of reset 
TDRT msec after MCLR goes high. In Figure 7-9, the 
on-chip Power-On Reset feature is being used (MCLR 
and VbD are tied together). The VoD is stable before 
the start-up timer times out and there is no problem in 
getting a proper reset. Figure 7-10 depicts a potentially 
problematic situation where VDD rises too slowly. In 
this situation, when the start-up timer times out, VDD 
has not reached the VpD (min) value and the chip is, 
therefore, not guaranteed to function correctly. 


To summarize, the on-chip POR is guaranteed to work 
if the rate of rise of VDD is no slower than 0.05V/ms and 
VbD starts from OV. The on-chip POR time delay is too 
short for low frequency crystals which require much 
longer than 18 ms to start-up and stabilize. For such 
situations, we recommend that external RC circuits be 
used to achieve longer POR delay times. 


SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


NA _ Power-Up |— : 
7 Detect — | 
~ POR (Power-On Reset) 
be S 
aN 


MCLR/Vpp pin WDT Time-out 


8-bit Asynch 
Ripple Counter 
(Start-Up Timer) 
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7.4.2 DEVICE RESET TIMER (DRT) 


The Device Reset Timer provides a fixed 18 ms nomi- 
nal time-out on reset. The Device Reset Timer oper- 
ates on an internal RC oscillator. The processor is kept 
in RESET as long as the DRT is active. The DRT delay 
allows the VDD to rise above VDD min., and for the oscil- 
lator to stabilize. 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. The on-chip DRT keeps the device in 
a RESET condition for approximately 18 ms after the 
voltage on the MCLR/Vpp pin has reached a logic high 
(VIHMC) level. Thus, external RC networks connected 
to the MCLR input are not required in most cases, 
allowing for savings in cost-sensitive and/or space 
restricted applications. 


The Device Reset time delay will vary from chip to chip 
due to VpD, temperature, and process variation. See 
AC parameters for details. 


The DRT will also be triggered upon a Watchdog Timer 
time-out. This is particularly important for applications 
using the WDT to wake the PIC16C5X from SLEEP 
mode automatically. 


TABLE 7-4: 





Power-On Reset 
MCLR reset during normal operation 
MCLR reset during SLEEP 

WDT reset during SLEEP 

WODT reset during normal operation 








7.4.3. TIME-OUT SEQUENCE 


Table 7-4 lists the reset conditions for the special func- 
tion registers, while Table 7-5 lists the reset conditions 
for all the registers. 


TO/PD STATUS AFTER 
RESET 


| TO | PD | _RESETwascausedby | 
[0 [WOT wakeup trom SLEEP 
WDT time-out (not during SLEEP) 
| 9 |MCLRwake-upfromSLEEP 
The TO and PD bit maintain their status (u) until a 


reset occurs. A low-pulse on the MCLR input does 
not change the TO and PD status bits. 


TABLE 7-3: 


























Eanes 
0 
ee 


u 


RESET CONDITIONS FOR SPECIAL REGISTERS 


Condition STATUS PCL 
Addr: 03h Addr: 02h 















Legend: u= unchanged, X = unknown, - = unimplemented read as 'O'. 
Note 1: TO and PD bits retain their last value until one of the other reset conditions occur. 


2: The CLRWDT instruction will set the TO and PD bits. 


TABLE 7-5: 












NA 
TRIS / NA 
OPTION aa 


INDF 


TMRO 
PCL 
STATUS 


Oth 









PORTA 
PORTB 


A 

/A 

/A 

Oh 

2h 

3h 

4h 

5h 

6h 

PORTC 7h 





N/ 
N 
N 
0 
oth 
FSR 


General Purpose 08-7Fh XXXX XXXX uuuu uuuu 
register files 


RESET CONDITIONS FOR ALL REGISTERS 


Ce ee 
eS 


XXXKX XXXK 









uuuu UuUuU 


Legend: u =unchanged, x = unknown, --= unimplemented read as'0', ?=value depends on condition. 


Note 1: See Table 7-4 for reset value for specific conditions. 
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FIGURE 7-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOTTIED TO Vpp): CASE 1 








VbD 


MCLR 


INTERNAL POR 


DRT TIME-OUT 


INTERNAL RESET 


FIGURE 7-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOTTIED TO Vpp): Case 2. 


VDD 


MCLR 


INTERNAL POR 


DRT TIME-OUT 


INTERNAL RESET 


FIGURE 7-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vpbb) 








Vob 


MCLR a 
INTERNAL POR eee Tort ! 
pm! 


DRT TIME-OUT | 
INTERNAL RESET | | | 
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FIGURE 7-11: EXTERNAL POWER-ON FIGURE 7-12: BROWN-OUT PROTECTION 
RESET CIRCUIT (FOR SLOW CIRCUIT 1 
Vop POWER-UP) 


MCLR 
PIC16C5X 
PIC16C5X 


Note: 


External Power-On Reset circuit is required 
only if VDD power-up is too slow. The diode 


This circuit will activate reset when VDD goes below Vz + 
0.7V (where Vz = Zener voltage). 

D helps discharge the capacitor quickly 
when VDD powers down. 

R < 40 kQ is recommended to make sure 
that voltage drop across R does not exceed FIGURE 7-13: BROWN-OUT PROTECTION 
0.2V (max leakage current spec on CIRCUIT 2 

MCLR/VppP pin is 5A). A larger voltage 
drop will degrade ViH level on MCLR/VpP 
pin. 

R1 = 100 to 1 kQ will limit any current flow- 
ing into MCLR from external capacitor C in 
the event of MCLR pin breakdown due to 





MCLR 





PIC16C5X 


This brown-out circuit is less expensive, although 
less accurate. Transistor Q1 turns off when VDD 
is below a certain level such that: 


RI 
© eerereerrerserememrenniensenonerens = 0.7V. 
VOD* —aT TRS 





FIGURE 7-14: ELECTRICAL STRUCTURE OF MCLR/Vpp PIN 


Schmitt Trigger 


Input Buffer 
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7.5 Watchdog Timer (WDT) | 


The watchdog timer is realized as a free running 
on-chip RC oscillator which does not require any exter- 
nal components. This RC oscillator is separate from the 
RC oscillator of the OSC1/CLKIN pin. That means that 
the WDT will run even if the clock on the OSC1/CLKIN 
and OSC2/CLKOUT pins have been stopped, for 
example, by execution of a SLEEP instruction. During 
normal operation a WDT time-out generates a device 
RESET. If the device is in SLEEP mode, a WDT 
time-out causes the device to wake-up and continue 
with normal operation. The WDT can be permanently 
disabled by programming the configuration bit WOTE 
as a '0' (Section 7.1). 


7.5.1. ©WDT PERIOD | 


The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). These periods vary with temperature, 
VDD and part to part process variations(see DC specs). 
If longer time-out periods are desired, a prescaler with 
a division ratio of up to 1:128 can be assigned to the 
WDT (under software control) by writing to the OPTION 
register. Thus, time-out periods up to 2.3 seconds can 
be realized. 


The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler, if assigned to the WDT, and prevent 
it from timing out and generating a device RESET. 


The TO bit (STATUS<4>) will be cleared upon a watch- 
dog timer time-out. . . | 
7.5.2 WDT PROGRAMMING CONSIDERATIONS 


Under worst case conditions (VDD = Min., Temperature 
= Max., max. WDT prescaler), it may take several sec- 
onds before a WDT time-out occurs. 


FIGURE 7-15: WATCHDOG TIMER BLOCK DIAGRAM 


From TMRO Clock Source 
(Figure 6-6) 


WDT Enable 
EPROM Fuse 


Note: TOCS, TOSE, PSA, PS2:PSO 


are bits in the OPTION register. 


Config. Word 3 
OPTION | 


Note 1: Shaded cells are not used by the Watchdog Timer. 


8 - to- 1 MUX 


To TMRO (Figure 6-6) 


WDT 
Time-out 
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7.6 Power-Down Mode (SLEEP) 


The Power-Down mode is entered by executing a 
SLEEP instruction. 


lf enabled, the Watchdog Timer will be cleared but 
keeps running, the TO bit (STATUS<4>) is set, the PD 
bit (STATUS<3>) is cleared and the oscillator driver is 
turned off. The I/O ports maintain the status they had 
before the SLEEP instruction was executed (driving 
high, driving low, or hi-impedance). 


It should be noted that a RESET generated by a WDT 
time-out does not drive the MCLR/Vpp pin low. 


For lowest current consumption while powered down, 
the TOCKI input should be at VDD or Vss and The 
MCLR/Vpr pin must be at a logic high level (ViHMc). 


7.6.1 |©WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of 
the following events: 


1. An external reset input on MCLR/VPP pin. 


2. A Watchdog timer time-out reset (if WDT was 
enabled). 


Both of these events cause a device reset. The TO and 
PD bits can be used to determine the cause of device 
reset. The TO bit is cleared if a WDT time-out occurred 
(and caused wake-up). The PD bit, which is set on 
power-up, is cleared when SLEEP is invoked. 


The WDT is cleared when the device wakes from 
sleep, regardless of the wake-up source. 


7.7 Code Protection 


The code in the program memory can be protected by 
clearing the code protect bits. 


In a code protected mode, the configuration word will 
not be protected, allowing reading of all bits. 


Once code protected, all memory locations read out in 
a scrambled fashion. For EPROM devices, program 
memory locations 40h and above cannot be further 
programmed. However, the first 64 locations, OOh - 
3Fh, may be programmed. These locations are not 
considered "secure". 


7.8 ID Locations 


Four memory locations are designated as !D locations 
where the user can store checksum or other code-iden- 
tification numbers. These locations are not accessible 
during normal execution but are readable and writable 
during program/verify. 


Use only the lower 4 bits of the ID locations and always 
program the upper 8 bits as '1's. 
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NOTES: 
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8.0 INSTRUCTION SET SUMMARY 


Each PIC16C5X instruction is a 12-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16C5X instruction set 
summary in Table 8-2 groups the instructions into 
byte-oriented, bit-oriented, and literal and control oper- 
ations. 


For byte-oriented instructions, ‘f' represents a file reg- 
ister designator and ‘d’ represents a destination desig- 
nator. The file register designator is used to specify 
which one of the 32 file registers is to be used by the 
instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is ‘0’, the result is 
placed in the W register. If ‘d' is '1', the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 'b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while ‘f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an 8- 
or 9-bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the pro- 
gram counter is changed as a result of an instruction. In 
this case, the execution takes two instruction cycles. 
One instruction cycle consists of four oscillator periods. 
Thus, for an oscillator frequency of 4 MHz, the normal 
instruction execution time is 1 sec. If a conditional test 
is true or the program counter is changed as a result of 
an instruction, the instruction execution time is 2 usec. 


TABLE 8-1: OPCODE FIELD 


DESCRIPTIONS 


Field | ___—Description 


: 


Don't care location (= 0 or 1) 
The assembler will generate code with x = 0. 

It is the recommended form of use for compat- 
ibility with all Microchip software tools. 


Destination select; 
d = 0 (store result in W) 
d = 1 (store result in file register ‘f') 
Default is d = 1 























W 
x 

label 
Top of Stack 
Program Counter 
Watchdog Timer Counter 
Time-Out bit 

) 

> 


Bp Power-Down bit 


fied register file location 
L] [Options 
() [Contents Cd 
|>_|Assignedto Cd 
le 






T 
Pp 

T 

( 

> 

< Register bit field 

E In the set of 


User defined term (font is courier) 
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TABLE 8-2: INSTRUCTION eel SUMMARY 


Mnemonic, [Description {Cycles 12-Bit Opcode Status | Notes 
———— |__| MSb LSb | Affected 


| Add W and f. 
AND W with f 
Clear f 
Clear W 
Complement f 
Decrement f | 
Decrement f, Skip if 0 
Incrementf 
Increment f, Skip ifO | 
Inclusive OR W with f 
Move f 
Move W tof 
No Operation 

| Rotate left f through Carry 

Rotate right f through Carry 
Subtract W from f 
Swap f 
Exclusive OR W with f- 


woaan 


Ss 
— 
nN 
ee 


ssc ; 
Nk 

Nn 
— 


Se ee ee ee ee ee ee ee 


Bit Clear f 

Bit Set f 

Bit Test f, Skip if Clear 
Bit Test f, Skip if Set 


AND literal with W 

-|Call subroutine _ 
Clear watchdog timer 
Unconditional branch 
Inclusive OR literal with W 
Move Literal to W 
Load OPTION register 
Retum, place literal in W 
Go into standby mode 
Load TRIS register 
Exclusive OR Literal to W 


Note 1: the 9th bit of the program counter will be forced to a '0' by any instruction that writes to the PC except for 
GOTO. (Section 4.6) 

2: When an //O register is modified as a function of itself (e.g.MOVF PORTB, 1), the value used will be that 
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and 
is driven low by an extemal device, the data will be written back with a ‘0’. 

3: The instruction TRIS £, where f = 5, 6, or 7 causes the contents of the W register to be written to the 
tristate latches of PORTA, B or C, respectively. A'1' forces the pin to a hi-impedance state and disables 
the output buffers. 

4: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be 
Cleared (if assigned to TMRO). 


Yi ae ee ae ae ee we oe 
sa 2 AD ot ot A ED = 
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ANDWF AND W with f 
Syntax: [ label] ANDWF | f,d 
Operands: O0<f<127 
de [0,1] 
Operation: (W) .AND. (f) — (dest) 
Status Affected: Z 
Description: The contents of the W register are 
AND'ed with register ‘f. if'd’ is 0 the 
result is stored in the W register. If ‘d' 
is 1 the result is stored back in register 
bie 
Words: 1 
Cycles: 1 
Example: ANDWF FSR, 1 
Before Instruction 
W = Ox17 
FSR= OxC2 
After Instruction 
W =  Oxi7 
FSR= 0x02 
BCF Bit Clear f 
Syntax: [Jabel] BCF  f,b 
Operands: 0<f<127 
O<b<7 
Operation: 0 > (f<b>) 
Status Affected: None 
Description: Bit 'b' in register ‘f' is cleared. 
Words: 1 
Cycles: 1 
Example: BCF FLAG_REG, 7 





ADDWF Add W and f 
Syntax: { label] ADDWF _ fd 
Operands: O<f<127 
de [0,1] 
Operation: (W) + (f) — (dest) 
Status Affected: C,DC,Z 
Description: Add the contents of the W register 
and register ‘f'. If ‘d’ is O the result Is 
stored in the W register. If ‘d' is 1 the 
result is stored back in register ‘f'. 
Words: 1 
Cycles: 1 
Example: ADDWF FSR, 0 
Before Instruction 
W = 0x17 
FSR= OxC2 
After Instruction 
W = OxD9 
FSR= 0OxC2 
ANDLW And literal with W 
Syntax: [ /abel] ANDLW_ k 
Operands: 0<k<255 
Operation: (W) .AND. (k) > (W) 
Status Affected: Z 
Encoding: 1110 
Description: The contents of the W register are 
AND’ed with the eight bit literal 'k’. 
The result is placed in the W register. 
Words: 1 
Cycles: 1 
Example: ANDLW Ox5F 
Before Instruction 
W = OxA3 
After Instruction 
W = 0x03 


Before Instruction 
FLAG_REG = 0xC7 


After Instruction 
FLAG_REG = 0x47 
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Operation: 
Status Affected: 
Encoding: — 
Description: | 
Words: 
Cycles: 
Example: 


Bit Set f 


[label] BSF f,b 


O<f<127 
O<b<7 


1 > (f<b>) 

None 

Bit 'b’ in register 'f' is set. ‘a 
1 


4 


BSF FLAG_REG, 7 


Before Instruction 
FLAG_REG= Ox0A 


After Instruction 
FLAG_REG= Ox8A 


BTFSC 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Bit Test f, Skip if Clear 
[ label] BTFSC f,b 


O<f<127 
O<b<7 


skip if (f<b>) = 0 
None 


If bit 'b' in register ‘f is 0 then the next 
instruction is skipped. 

If bit 'b' is 0 then the next instruction 
fetched during the current instruction 
execution is discarded, and an NOP is 
executed instead, making this a 2 cycle 
instruction. 7 


1 
1(2) 


HERE BTFSC 
FALSE GOTO 
TRUE e. 


e 


FLAG, 1° 
PROCESS_CODE 


Before Instruction 


PC = address (HERE) 
After Instruction 

ifFLAG<1> <= Q, 

PC = address (TRUE); 

ifFLAG<1> = 1, 

PC = address (FALSE) 


BTFSS 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Bit Test f, Skip if Set 
[ label] BTFSS f,b 


0<f<127 
O0<b<7 


skip if (f<b>) = 1 


None 


0111 bbbft ETLt . 


lf bit 'b' in register 'f is '1' then the next 
instruction is skipped. 

If bit ‘b' is ‘1', then the next instruction 
fetched during the current instruction 
execution, is discarded and an NOP is 
executed instead, making this a 2 cycle 
instruction. 


{ 
1(2) 


HERE BTFSS FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE e 

e 


Before Instruction 


PC = address (HERE) 
After Instruction 

IfFLAG<i> = <0, 

PC = address (FALSE); 

ifFLAG<1> = 1, 

PC = address (TRUE) 
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CALL Subroutine Call CLRW Clear W 
Syntax: { label] CALL k Syntax: [ label] CLRW 
Operands: 0<k< 2047 Operands: None 
Operation: (PC) + 1 Top of Stack; Operation: 00h > (W); 
k + PC<8:0>; 15~Z 
Nua rida, — PC<10:9>; Status Affected: 2 
— PC<8> 
Encoding: 0000 |0100 | 0000 
Status Affected: None ce aoe 
; a ge ae Description: The W register is cleared. Zero bit (Z) 
Encoding: | 1002 | kkkk | kkkk | is set. 
Description: Subroutine call. First, return address Words: { 
(PC+1) is pushed onto the stack. The 
eight bit immediate address is loaded Cycles: 1 
into PC bits <7:0>. The upper bits Example: CLRW 
PC <10:9> are loaded from STA- : 
TUS<6:5>, PC<8> is cleared. CALL is Before Instruction 
a two cycle instruction. W = OXSA 
Words: { After Instruction 
W = 0x00 
Cycles: 2 7 = - 
Example: HERE CALL THERE 
Before Instruction 
PC = address (HERE) 
After Instruction 
PC = address (THERE) 
TOS= address (HERE) 
CLRF Clear f CLRWDT Clear Watchdog Timer 
Syntax: { label] CLRF f Syntax: [ label] CLRWDT 
Operands: O<f<127 Operands: None 
Operation: OOh - (f); Operation: 00h — WDT; 
1>Z 0 — WDT prescaler; 
Status Affected: Z oe Lies 
> 
Encoding: | 0000 | POLE. eeee. | ibe 
D i = Faaid Grenier eee Status Affected: TO, PD 
escription: e contents of register ‘f' are cleare 
: and the Z bitis set Encoding 
Words: 1 Description: The CLRWDT instruction resets the 
WDT. It also resets the prescaler of 
Cycles: 1 the WDT. Status bits TO and PD are 
Example: CLRF FLAG_REG set. 
Before Instruction Words: 1 
FLAG_LREG = Ox5A Cycles: 1 
After Instruction Example: CLRWDT 
FLAG_LREG = _ 0x00 
7 - | Before Instruction 
WDT counter = ? 
After Instruction 
WDT counter = 0x00 
WDT prescale = 0 
TO = 1 
PD = 
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COMF Complement f 
Syntax: [ label] COMF  f,d 
Operands: O<f<127 
de [0,1] 
Operation: (f) + (dest) 
Status Affected: Z 
Description: The contents of register ‘f' are comple- 
mented. If ‘d' is O the result is stored in 
the W register. If 'd' is 1 the result is 
stored back in register 'f'. . 
Words: 1 
Cycles: 1 
Example: COMF REG1,0 
Before Instruction 
REG1 =  Ox13 
After Instruction 
REG1 = 0x13 
W = OxEC 
DECF Decrement f 
Syntax: [ abel] DECF f,d 
Operands: O<f<127 
de [0,1] 
Operation: (f) — 1 > (dest) 
Status Affected: Z 
Description: Decrement register ‘f'. If ‘d’ is 0 the 
result is stored in the W register. If ‘d' 
is 1 the result is stored back in register 
‘f. 
Words: 1 
Cycles: 1 
Example: DECF CNT. <a 
Before Instruction — 
CNT =  Ox01 
Z = <0 
After Instruction 
CNT = 0x00 
Z = 1 


- DECFSZ 


Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Decrement f, Skip if 0 
{ label] DECFSZ f,d 
O<f<127 


de [0,1] 


(f)-1-d: skip ifresult=0 _ 
None 


0010 11ldf ELEC 


The contents of register are decre- 
mented. If 'd’ is 0 the result is placed 
in the W register. If ‘d' is 1 the result is 


_ placed back in register ‘f. 


If the result is 0, the next instruction, 
which is already fetched, is discarded 
and an NOP is executed instead mak- 
‘ing it a two cycle instruction. 


1 

1(2) 

HERE DECFSZ CNT, 1 
GOTO LOOP 

CONTINUE - 


Before Instruction 


PC 


= address (HERE) 


After Instruction 


CNT 

if CNT 
PC 

if CNT 
PC 


GOTO 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


ih Wf tt tl 


CNT - 1; 

0, 

address (CONTINUE); 
0, 
address (HERE+1) 


Unconditional Branch 


[label] GOTO k 


0<k < 2047 

k + PC<8:0>; 
STATUS<6:5> — PC<10:9> 
None 


101k kkkk kkkk 


GOTO is an unconditional branch. The 
9-bit immediate value is loaded into 
PC bits <8:0>. The upper bits of PC 
are loaded from STATUS<6:5>. GoTo 
is a two cycle instruction. 


1 
2 
GOTO THERE 


After Instruction 


PC = 


address (THERE) 


EL PETRIE RI LE LA a ET ST ETE TC ES IY TIT TE IFSP BR ET TT ET TT ST ILI TI FE ELT CNT aE ET BE IPT II EIT IE REED 
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INCF Increment f 
Syntax: [label] INCF f,d 
Operands: O<f<127 

de [0,1] 
Operation: (f) + 1 — (dest) 


Status Affected: Z 


0010 1l0df LLte 


The contents of register ‘f' are incre- 
mented. If ‘d' is 0 the result is placed 
in the W register. If 'd' is 1 the result is 
placed back in register ‘f’. 


Encoding: © 


Description: 


Words: 1 
Cycles: 1 
Example: INCF CNT, “4 
Before Instruction 
CNT =  OxFF 
Z =. 0 
After Instruction 
CNT = 0x00 
Z = 4 
INCFSZ Increment f, Skip if 0 
Syntax: [label] \INCFSZ f,d 
Operands: O0<f<127 
de [0,1] 
Operation: (f) + 1 — (dest), skip if result = 0 


Status Affected: | None 


0011 1lidft fffft 


The contents of register 'f' are incre- 
mented. If ‘'d' is 0 the result is placed 
in the W register. If 'd’ is 1 the result is 
placed back in register 'f’. 


If the result is 0, then the next instruc- 
tion, which is already fetched, is dis- 
carded and an NOP is executed 
instead making it a two cycle instruc- 
tion. 


Words: 1 
Cycles: 1(2) 
Example: HERE 


Encoding: 
Description: 


INCFSZ CNT =) 
GOTO LOOP 
CONTINUE « 


Before Instruction 


PC = address (HERE) 
After Instruction 

CNT = CNT+1; 

ifCNT = OQ, 

PC = address (CONTINUE); 

ifCNT +# OQ, 

PC = address (HERE +1) 


IORLW Inclusive OR literal with W 
Syntax: [label] IORLW k 
Operands: 0<k<255 
Operation: (W) .OR. (k) > (W) 
Status Affected: Z 
Description: The contents of the W register are 
OR’ed with the eight bit literal 'k'. The 
result is placed in the W register. 
Words: 1 
Cycles: 1 
Example: IORLW 0x35 
Before Instruction 
W = Ox9A 
After Instruction 
W =  OxBF 
IORWF Inclusive OR W with f 
Syntax: [label] IORWF  f,d 
Operands: 0<f<127 
de [0,1] 
Operation: (W) .OR. (f) > (dest) 
Status Affected: Z 
Description: Inclusive OR the W register with regis- 
ter 'f'. If ‘d' is 0 the result is placed in 
the W register. If ‘d' is 1 the result is 
placed back in register ‘f’. 
Words: 1 
Cycles: 1 
Example: IORWF RESULT, 0 
Before Instruction 
RESULT = 0x13 
WwW =  Ox91 
After Instruction 
RESULT = 0x13 
W = 0x93 


AE A CSR A PT LE EE ETT AE LS TEN SS TTT I OG ET ET A IT ITI I I ES TR IIE I TC I LY TOT ERTIES 
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MOVF Move f MOVWF Move W to f 
Syntax [ label] MOVF f,d Syntax: [label] MOVWF f 
Operands O<fs 127 Operands: O<f<127 
SS. Operation: (W) = (f) 
Operation: (f) — (dest) Status Affected: | None 
Encoding: Description: Move data from the W register to reg- 
Description: The contents of register 'f' is moved to ister ‘f'. Pos 
destination ‘d’. If ‘d’ is 0, destination is : 
the W register. If ‘d' is 1, the destina- vo 
tion is file register ‘f’. ‘d' is 1 is useful to Cycles: 1 
test a file register since status flag Z is Eyample: MOVWF TEMP REG 
affected. os bas 
Before Instruction 
mele a TEMP_REG =  OxFF 
Cycles: 1 Ww = Ox4F 
Example: MOVF FSR, 0 After Instruction ; 
After Instruction tia . ae 
W = __ value in FSR register ~ 
MOVLW Move Literal to W NOP No Operation 
Syntax [label] MOVLW k Syntax: [ label] NOP 
Operands 0<k<255 Operands: None | 
Operation: k > (W) Operation: No operation 
Status Affected: | None Status Affected: | None 
Description: | The eight bit literal 'k' is loaded into Description: No operation. 
the W register. The don’t cares will Worde- , 
assemble as Os. eee 
Words: 1 Cycles: 1 
Cycles: | { Example: NOP 
Example: MOVLW  0x5A | 


After Instruction 
W = Ox5A 
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OPTION Load OPTION Register 
Syntax: [label] OPTION 
Operands: None 
Operation: (W) > OPTION 
Status Affected: None 
Encoding 
Description: The content of the W register is loaded 
into the OPTION register. 
Words: 1 
Cycles: 1 
Example OPTION 
Before Instruction 
W = 0x07 
After Instruction 
OPTION = 0x07 
RETLW Return, place literal in W RLF Rotate Left f through Carry 
Syntax: [label] RETLW k Syntax: [Jabel] RLF f,d 
Operands: 0<k<255 Operands: 0<f<127 
Operation: k > (W); de [0,1] 
TOS -— PC Operation: See description below 
Status Affected: None Status Affected: Cc 
Description: The W register is loaded with the eight Description: The contents of register ‘f' are rotated 
bit literal 'k'. The program counter is one bit to the left through the Carry 
loaded from the top of the stack (the Flag. If ‘d' is 0 the result is placed in 
return address). This is a two cycle the W register. If ‘d' is 1 the result is 
instruction. . stored back in register 'f. 
Words: i 
Cycles: 2 
Words: 1 
Example: CALL TABLE ;W contains 
stable Cycles: 1 
TABLE pORteee value Example: RLF REG1, 0 
° ;W now has table ; 
values Before Instruction 
. REG1 = 1110 0110 
ADDWF PC ;W = offset Cc =: +50 
RETLW k1 ;Begin table After Instruction 
pat kS 4 REG1 = 1110 0110 
° Ww = 1100 1100 
: Cc = 1. 
RETLW kn ; End of table 
Before Instruction 
W = 0x07 
After Instruction 
W = __ value of k7 
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RRF Rotate Right f through Carry 
Syntax: [label] RRF f,d 
Operands: O<f<127 
de [0,1] 
Operation: See description below 
Status Affected: C 
Description: The contents of register 'f' are rotated 
one bit to the right through the Carry 
Flag. If ‘d' is 0 the result is placed in 
the W register. If ‘d' is 1 the result is 
placed back in register ‘f'. 
{eo} resister # } + 
Words: 1 
Cycles: 1 
Example: RRF REG1,0 
Before Instruction 
REG1 = 1110 0110 
C = 0 , 
After Instruction 
REG1 = 1110 0110 
Ww = 0111 0011 
Cc = al 
SLEEP Enter SLEEP Mode 
Syntax: [abel] SLEEP 
Operands: None 
Operation: 00h — WDT; 
0-> WDT prescaler; 
1 >TO, 
0— PD 
Status Affected: TO, PD 
Description: Time-out status bit (TO) is set. The 
power down status bit (PD) is 
cleared. The WDT and its prescaler 
are cleared. | 
The processor is put into SLEEP 
mode with the oscillator stopped. 
See section on SLEEP for more 
details. 
Words: 1 
Cycles: 1 
Example: SLEEP 





SUBWF Subtract W from f 
Syntax: [label] SUBWF f,d 
Operands: O<f<127 
de [0,1] 
Operation: (f) — (W) > (dest) 
Status Affected: C,DC,Z 
Description: Subtract (2’s complement method) 
the W register from register ‘f'. If 'd’ 
is O the result is stored in the W reg- 
ister. If ‘d' is 1 the result is stored 
back in register ‘f'. 
Words: 1 
Cycles: 1 
Example 1: SUBWF REG1, 1 
Before Instruction 
REG1 = 3 
W = 2 
Cc = ? 
After Instruction 
REG1 = 1 
W = 2 
Cc = 14 ; result is positive 
Example 2: | 
Before Instruction 
REG1 = 2 
WwW = 2 
G. = ? 
After Instruction 
REG1 = 0 
W = 2 
C = 1 ; result is zero 
Example 3: 
Before Instruction 
REG? = 1 
W = 2 
C = ? 
After instruction 
REG1 = FF 
W = 2 
C = 0 ; result is negative 
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SWAPF Swap f XORLW Exclusive OR literal with W 
Syntax: { label] SWAPF f,d Syntax: [label] XORLW_ k 
Operands: O<f<127 Operands: 0<k<255 
de [0,1 , 
P tae! Operation: (W) .XOR. k — (W) 
peration: (f<3:0>) — (dest<7:4>); 
(f<7:4>) > (dest<3:0>) Status Affected: = Z 
Status Affected: None Encoding. 
ae oa Description: The contents of the W register are 
neoning: picked eto Peseta XOR’ed with the eight bit literal 'k’. 
Description: The upper and lower nibbles of regis- The result is placed in the W regis- 
ter ‘ft are exchanged. If ‘d' is 0 the ter. 
result is placed in W register. If ‘d' is 1 Words: 4 
the result is placed in register 'f’. ; 
Words: 1 Cycles: ; 
Cycles: 1 Example: XORLW OxAF 
Before Instruction 
Example —— REG1, 0 W =. 0xB5 
ee OxAS After Instruction 
- W = OXIA 
After Instruction 
REG1 =  OxA5 
W =  OX5A 
TRIS Load TRIS Register XORWF Exclusive OR W with f 
Syntax: [label] TRIS f Syntax: [ label] XORWF fd 
Operands: S<f<7 Operands: O<f<127 
Operation: (W) > TRIS register f de [0,1] 
Status Affected: | None Operation: (W) .XOR. (f) — (dest) 
Encoding: Status Affected: Z 
Description: TRIS register ‘f' (f = 5, 6, or 7) is loaded Encodina: | 0001 [aoae | eee | 
with the contents of the W register ; Ai ee 
Description: Exclusive OR the contents of the W 
Words: 1 register with register 'f’. If ‘d' is 0 the 
Cycles: 1 result is stored in the W register. If ‘d’ 
Example TRIS PORTA 1 the result is stored back in register 
Before Instruction 
W = OXAS Words: 1 
After Instruction Cycles: 1 
TRISA = OXAS Example XORWF REG 1 
Before Instruction 
REG =  OxAF 
W =  OxB5 
After Instruction 
REG = Ox1A 
W =  OxB5 
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NOTES: 
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9.0 ELECTRICAL CHARACTERISTICS 
9.1 Absolute Maximum Ratingst 


Ambienttemperature Under DIAS. scszes.scsessssasusasanvasieniseveteunadahalatewed boven eeceoeunnceadacrsenckie ried aaeidonanieeteen 55°C to +125°C 
DLOFAGS TEMPS ALI caesar cccns Saccegvgemeesea ears leussag uetsaasie Dede aauc one teveeaeauiesevet ceaxe soeeunty cei ate atonal sve ke canst -65°C to +150°C 
Voltage: On: VOO- WIth TESDECE LO: VSS xo ccinued sayeseocecs tvcacscnes secvansuaanwelaeSvid nena dened bee sestaalsi cucebnusviva eine coeceeantesee 0 to +7.5V 
Voltage on MCLR with respect to VSS .....ecccessccsssscsssssssessssssscsssssssssrsescesscetssscseversassccsesessessesssscosescuassessscseenses 0 to +14V 
Voltage on all other pins with respect tO VSS ...........cccccccscesceecceecceessessesssessssscsnsssnneeceaccesereceseeseneeeees -0.6V to VoD + 0.6V 
TOtal DOWEL CISSID ATION: (NOU 1) weycesteccattsccnsy sande eaecdec syed ee es Sac bait cdee cna ana nalesthiou ea tucanidey bi cuete tues eax eeieed es 800 mW 
Max -CUmee nl OU OF VSS PIR x. cesxin se eseonactas cs vanes eeacute tu ceawadeaneutancaneouavececwspsisds vices vellevetoavarcasecqaecceneaesnyeicacesiwneeseeteseesenese 150 mA 
Max CUMERU IMO VDD DIN i csacs uz tocecaucaccesecaysteaadeaconaiscnecesaanacebeaseaateatendinseuseapeonectecesclabnicentctoeuaccaeachaavbewentceaseedeatinsiaas 50 mA 
Max. current into an input pin (TOCK] Only) 0.0... cece essesesseessescescssceseeseesscssececssecsssseessescenseseeaesaesacseeseesacesaeesesaeseessens +500 pA 
Inpulclamp-current, lIK. (Vi <0 OF VU VOD) essed panies cclaavh cures tuetandsabcanus'ish aie dvecaastvvasiadesavn@eecentconetevaee awioastontatieianes 420 mA 
Output clamp current, lOK (VO < 0 OF VO > VDD) ..........ccc.secsscosssessseseeescescescseseccesseccesecoussncsessactuascenstsvenseceecesecoasatsedsneonencs 420 mA 
Max: Output current SUNK: Dy anny: 1/D: DIM ended scavascnsaacoraaaedusvendassduanseieddeeevccneyanaeeccsdecsbedecsuualatawacetssiebeeessavventunsadeaneaees 25 mA 
Max. output current sourced by any I/O Pin .............seeescecssssecssnsneoneesecaeceeeeeaecececeeeeceeseuceeseseusaseeseeeseuseessrscaseasoneasens 20 mA 
Max. output current sourced by a single I/O port (PORTA, B Of C) .................:cceseeeececececeseeeeecesetsseeeceeeceesereeseneeseeees 40mA 
Max. output current sunk by a single I/O port (PORTA, B OF C).............c:sssssesssesecseeececeeeeeeeeeeecestsesseeees Sobsieeceliaeeca: 50 mA 

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol- 

lows: 


Pdis = VDD x {IDD - >) JOH} + ¥ {(VDD-VOH) x IOH} + ¥(VOL x TOL) 





TABLE 9-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


TRC | Vo: 3.0V to 6.25V 

IDD: 2.4 mA Max. at 5.5V 

IPD: 4 pA Max. at 3.0V 
WDT dis 

Freq: 4 MHz Max. 


Vpp: 3.0V to 6.25V 

IDD: 2.4 mA Max. at 5.5V 

IPD: 5 pA Max. at 3.0V 
WDT dis 

Freq: 4 MHz Max 


1 Vppb: 4.5V to 5.5V : 4.5V to 5.5V 

|Ipp: 8 mA Max. at 5.5V : 16 mA Max. at 5.5V 
jIpp: 4 pA Max. at 3.0V >: 4pA Max. at 3.0V 

: WDT dis WDT dis 

| Freq: 10 MHz Max. : 20 MHz Max. 


Vpp: 2.5V to 6.25V 

IoD: 11 pAtyp. at 32 kHz, 
2.5V 

IPD: 0.25 pA typ. at 2.5V 
WDT dis 

Freq: 200 kHz typ. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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TABLE 9-2: DC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP (COMMERCIAL) 








Standard Operating Conditions : 
Operating Temperature 0°C < TA < +70°C, unless otherwise stated. 
Operating Voltage VDD = 3.0V to 5.5V, unless otherwise stated. 


wc [5 [tly om] vm] cnt 
Supply Voltage . | 
-V_ |Fosc’= DC to 4 MHz . 
V Fosc = DC to 4 MHz : 
V Fosc = DC to 20 MHz | | 
V Fosc = DC to 40 kHz 


DC Characteristics 
Power Supply Pins 




































VDD 
















PIC16C5X-XT 
PIC16C5X-RC 
PIC16C5X-HS 
Device in SLEEP mode 
V See Section 7.4 for details on Power- 
On Reset . 
V/ms_ | See Section 7.4 for details on Power- 
On Reset 


PIC16C5X-LP 
Fosc = 4 MHz, VDD = 5.5V 


RAM Data Retention Voltage | VoR 

(Note 3) 

Vpbp start voltage to guaran- | VPOR Vss 

tee Power-On Reset 

Vbop rise rate to guarantee SVDD | 0.05* 

Power-On Reset 

Fosc = 4 MHz, VoD = 5.5V 

Fosc = 10 MHz, VoD = 5.5V 
Fosc = 20 MHz, Vpop = 5.5V 


Supply Current (Note 2) 
| PIC16C5X-XT 
Fosc = 32 kHz, VDD = 3.0V, WDT dis- 
abled | . 


















PIC16C5X-RC (Note 5) 
PIC16C5X-HS 













PIC16C5X-LP 












Power Down Current (Note 4) : 
PIC16C5X VDD = 3.0V, WDT enabled 


VDD = 3.0V, WDT disabled 





* These parameters are based on characterization and are not tested. 
Note 1: Data in the column labeled “Typical” is based on characterization results at 29°C. This data is for design 


guidance only and is not tested for, or guaranteed by Microchip Technology. | 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on — 

_ the current consumption. * ge | : 


a) The test conditions for all IDD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vop, TOCKI = Vopp, 

MCLR = Vop; WDT enabled/disabled as specified. |= | 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. | m3 : ‘ 


3: This.is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss. 

5: Does not include current through Rext. The current through the resistor can be estimated by the formula: 
IR = VoD/2Rext (mA) with Rext in kOhm. — a 
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TABLE 9-3: DC CHARACTERISTICS: PIC16C5XI-RC, XT, HS, LP (INDUSTRIAL) 


Standard Operating Conditions 
Operating Temperature -40°C < TA < +85°C, unless otherwise stated. 
Operating Voltage VDD = 3.5V to 5.5V, unless otherwise stated. 


a Typ a 


Supply Voltage 

PIC16C5XI-XT ; Fosc = DC to 4 MHz 
PIC16C5XI-RC : Fosc = DC to 4 MHz 
PIC16C5XI-HS : 5 ! Fosc = DC to 20 MHz 
PIC16C5XI-LP , Fosc = DC to 40 kHz 


RAM Data Retention Voltage 1.5 V Device in SLEEP mode 
(Note 3) 
Vopp start voltage to guaran- V See Section 7.4 for details on Power- 
tee Power-On Reset On Reset 
: V/ms_ | See Section 7.4 for details on Power- 
On Reset 
Supply Current (Note 2) 


PIC16C5XI-XT . ; mA |Fosc = 4 MHz, VoD = 5.5V 
PIC16C5XI-RC (Note 5) : : mA |FoOSc = 4 MHz, VoD = 5.5V 
PIC16C5XI-HS : mA |Fosc = 10 MHz, VoD = 5.5V 
; mA |Fosc = 20 Mkz, VoD = 5.5V 
PIC16C5XI-LP wA | FOSC = 32 kHz, VDD = 3.0V, WDT dis- 
abled 


DC Characteristics 
Power Supply Pins 


Power Down Current (Note 4) 
PIC16C5xXI : VDD = 3.0V, WDT enabled 
VoD = 3.0V, WDT disabled 


* These parameters are based on characterization and are not tested. 
Note 1: Data in the column labeled “Typical” is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption. 





a) The test conditions for all lbD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to Vod, TOCKI = Vop, 

MCLR = Vpp; WDT enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. 


3: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 

4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss. 

5: Does not include current through Rext. The current through the resistor can be estimated by the formula: 
IR = Vpb/2Rext (mA) with Rext in kKOhm. 


hee SSDS A Ei SP MF OSS EA RA SAT ST SAE ORC CE SEED SIN PLS SS AE NST I EE SS A ATED OST EIS SECO ST I RETR LATE POI ESLER TTI STI TENET POTEET LTR TELARC EIT AD 
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TABLE 9-4: DC CHARACTERISTICS: PIC16C5XE-RC, XT, HS, LP (AUTOMOTIVE) 





-Standard Operating Conditions | | 
Operating Temperature -40°C < TA < +125°C, unless otherwise stated. 
Operating Voltage VDD = 3.5V to 5.5V, unless otherwise stated. 


DC Characteristics 
Power Supply Pins 


Supply Voltage ~, * 
‘| PIC16C5XE-XT ; Fosc = DC to 4 MHz 
PIC16C5XE-RC | !- |Fosc = DC to 4 MHz 
PIC16C5XE-HS : Fosc = DC to 20 MHz | 
PIC16C5XE-LP ; Fosc = DC to 40 kHz ; e 


RAM Data Retention Voltage - Device in SLEEP mode 

(Note 3) 

VbpD Start Voltage to Guaran- V See Section 7.4 for details on Power- 
tee Power-On Reset On Reset | 


VpbD rise rate to guarantee SVDD | 0.05* V/ms_ | See Section 7.4 for details on Power- 
Power-On Reset On Reset 


Supply Current (Note 2) | : 
PIC16C5XE-XT : : mA |Fosc = 4 MHz, VpbD = 5.5V 
PIC16C5XE-RC (Note 5) : : mA |Fosc = 4 MHz, VbDD = 5.5V 
PIC16C5XE-HS : mA  |Fosc = 10 MHz, VoD = 5.5V - 
, : mA |Fosc = 16 MHz, VoD = 5.5V 


PIC16C5XE-LP | WA | FOSC = 32 kHz, VDD = 3.25V, WDT dis- 


abled 


Power Down Current (Note 4) 
PIC16C5XE VDD = 3.25V, WDT enabled 


VDD = 3.25V, WDT disabled 


* These parameters are based on characterization and are not tested. | 
Note. 1: Data in the column labeled “Typical” is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption. | 


a) The test conditions for all IbD measurements in active operation mode are: 

OSC 1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vob, TOCKI = Vpbp, 

MCLR = Vppb; WDT enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. 


3: This is the limit to which Vop can be lowered in SLEEP mode without losing RAM data. 
4: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss. 
5: Does not include current through Rext. The current through the resistor can be estimated by the formula: 
IR = Vbb/2Rext (mA) with Rext in kKOhm. 
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TABLE 9-5: DC CHARACTERISTICS:PIC16C5X-RC, XT, HS, LP (COMMERCIAL) 
PIC16C5XI-RC, XT, HS, LP (INDUSTRIAL) 






Standard Operating Conditions 7 
Operating Temperature -40°C < TA < +85°C (for industrial) 
0°C < TAS +70°C (for commercial) 
Operating Voltage VDD range is described in Section 9.1 and Section 9.2. 


ore Typ - 


Input Low Voltage 








DC Characteristics 
All Pins Except Power Supply 
Pins 






































/O ports Vit vss 0.2 VoD V Pin at hi-impedance 

MCLR (Schmitt Trigger) Vss 0.15 VDD V 

TOCKI (Schmitt Trigger) Vss 0.15 VoD V 

OSC1 (Schmitt Trigger) Vss 0.15 VDD V PIC16C5X-RC only (Note 5) 
OSC1 Vss 0.3 VDD V PIC16C5X-XT, HS, LP 












Input High Voltage 
[/O ports 










VIH 0.45 VDD For all Vbp (Note 6) 





2.0 4.0V < VoD < 5.5V (Note 6) 
0.36 VDD VbpD > 5.5V 
MCLR (Schmitt Trigger) 0.85 VDD 
TOCKI (Schmitt Trigger) 0.85 VDD 
OSC1 (Schmitt Trigger) 0.85 VoD PIC16C5X-RC only (Note 5) 
OSC1 0.7 VDD PIC16C5X-XT, HS, LP 












Input Leakage Current For Vpp < 5.5V 
(Notes 3,4) 


I/O ports 


VSS < VPIN < VDD, 

Pin at hi-impedance 
VPIN = Vss + 0.25V 
VPIN = VDD 

Vss < VPIN < VDD 

Vss < VPIN < VDD 
PIC16C5X-XT, HS, LP 





MCLR 
MCLR 
TOCKI 
OSC1 


Output Low Voltage 
I/O ports 

OSC2/CLKOUT 
(PIC16C5X-RC) 


Output High Voltage 
I/O ports (Note 4) 


VOL 0.6 
0.6 


IOL = 8.7 mA, VDD = 4.5V 
loL = 1.6 mA, VDD = 4.5V 


IOH = -5.4 mA, VDD = 4.5V 
IOH = -1.0 mA, VDD = 4.5V 


OSC2/CLKOUT 
(PIC16C5X-RC) 





pce] cs ee " _ 





Note 1: Data in the column labeled “Typical” is based on characterization results at 25°C. This data is for design 

guidance only and is not tested for, or guaranteed by Microchip Technology. 

2: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

3: The leakage current on the MCLR/VPpP pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current may be measured at different input 

voltage. 

4: Negative current is defined as coming out of the pin. 

5: For PIC16C5X-RC devices, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC16C5X be driven with external clock in RC mode. 

6: The user may use the better of the two specifications. 





aa a a Ie I NC PN a Ne ED LE ED 
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TABLE 9-6: DC CHARACTERISTICS: PIC16C5X-RC, XT, HS, LP (AUTOMOTIVE) 


DC Characteristics Standard Operating Conditions 
All Pins Except Power Supply Operating Temperature -40°C < TAs +125°C 
Pins Operating Voltage VoD range is described in Section 9.1 and Section 9.2. 


Input Low Voltage | | | 

I/O ports 0.15 VDD Pin at hi-impedance 

MCLR (Schmitt Trigger) 0.15 VDD © 

TOCKI (Schmitt Trigger) 0.15 VDD 

OSC1 (Schmitt Trigger) 0.15 VbD PIC16C5X-RC only (Note 5) 
OSC1 ; PIC16C5X-XT, HS, LP 


Input High Voltage : 

I/O ports | 0.45 VDD For all VoD (Note 6) 
4.0V < VoD < 5.5V (Note 6) 
VoD > 5.5V 


MCLR (Schmitt Trigger) 
TOCKI (Schmitt Trigger) 
OSC1 (Schmitt Trigger) : | PIC16C5X-RC only (Note 5) 


OSC1 PIC16C5X-XT, HS, LP 


Input Leakage Current For Vpop < 5.5V 
| (Notes 3,4) 3 

I/O ports : Vss < VPIN < VDD, 

Pin at hi-impedance 
MCLR | | VPIN = VSS + 0.25V 
MCLR 3 : VPIN = VDD 

Vss < VPIN < VDD 

Vss < VPIN < VDD 

| PIC16C5X-XT, HS, LP 


Output Low Voltage 

I/O ports lol = 8.7 mA, VDD = 4.5V 
OSC2/CLKOUT ; lot = 1.6 mA, VDD = 4.5V 
(PIC16C5X-RC) 


Output High Voltage | 
I/O ports (Note 4) -0. IOH = -5.4 mA, VDD = 4.5V 
OSC2/CLKOUT -0. IOH = -1.0 mA, VDD = 4.5V 
(PIC16C5X-RC) 


Note 1: Data in the column labeled Typical is based on characterization results at 22°C. This data is for design guid- 
ance only and is not tested for, or guaranteed by Microchip Technology. 

2: Total power dissipation as stated under absolute maximum ratings must not be exceeded. | 

3: The leakage current on the MCLR/VprP pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current may be measured at different input 
voltage. | 
Negative current is defined as coming out of the pin. 
For PIC16C5X-RC devices, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC16C5X be driven with external clock in RC mode. 
6: The user may use the better of the two specifications. 








oF 
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9.2 Timing Diagrams and Specifications 


FIGURE 9-1: LOAD CONDITIONS 


50 pF for all pins except OSC2 
15 pF for OSC2 in XT, HS or LP 


modes when external clock is used 
to drive OSC1 
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FIGURE 9-2: EXTERNAL CLOCK TIMING 


at Sm 3 4 


' 2 ete eee 
CLKOUT Se / 


TABLE 9-7: EXTERNAL CLOCK TIMING REQUIREMENTS 





External CLKIN Frequency RC osc mode 

(Note 1) XT osc mode 
HS osc mode (Comm/Indust) 
HS osc mode (Automotive) 
LP osc mode 

Oscillator Frequency RC osc mode 

(Note 1) ; XT osc mode 
HS osc mode (Comm/Indust) 
HS osc mode (Automotive) 
LP osc mode 

External CLKIN Period RC osc mode 

(Note 1) XT ose mode 
HS osc mode 
LP osc mode 

Oscillator Period RC osc mode 

(Note 1) XT osc mode 
HS osc mode (Comm/Indust) 
HS osc mode (Automotive) 
LP osc mode 


[2 [tev natraction Sycie Time Wate) | 7.0 


TosL, TosH | Clock in (OSC1) Low or High Time XT oscillator 

il in = 
HS oscillator 

TosR, TosF } Clock in (OSC1) Rise or Fall Time XT oscillator 

LP oscillator 

HS oscillator 


Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are 
based on characterization data for that particular oscillator type under standard operating conditions with the 
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/ 
or higher than expected current consumption. All devices are tested to operate at “min.” values with an 
external clock applied to the OSC1/CLKIN pin. 

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 9-3: CLKOUT AND VOTIMING 


CLKOUT 


—>' «=—12 
eee) ae ee Brae |: 


ws LLL ULL 


{5————-——+! 


/O Pin 


(output) new value 


| ‘<_ 20, 21 


Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/O pins and CLKOUT. 





TABLE 9-8: CLKOUT AND I/O TIMING REQUIREMENTS 


No. 




















[Presta foscitecixourr i S* a | s |Ntet 
pe [ree [eKOUT sete [ns | Note 
[srr foikourtantine ns | ote | 
[ie Frestaiov[etkourt te Pot outvaid | = fostoveao| ns [note 
[15 [Tovackit | Portin valbetore ctxourt [os toveas| [| rs [Note 
OSCIT (Gi eyes) to Portoutvaid [| — | 60-400 [ns | Note? 
Teint ME Teo || ie | 
(I/O in hold time) TBD 
Pe [eeereonen mone | reo [-| - [wl 
time) TBD ns 
[20 Tio [Portoutputrisetme Ci | 
[a [To [Por outputtatiime TS «| | 
sd These parameters are characterized but not tested. 
7 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 


and are not tested. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 
2: See Figure 9-1 for loading conditions. 


a TN SE Latics LN A RT on Spa a on an a ee Nn ee ie ke ee a ns tl 
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FIGURE 9-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING . 











Internal 
POR 


DRT 
Timeout 





Internal 
RESET 








Timer 
RESET 


(Note 1) . : _~ = : : 


Note 1: I/O pins must be taken out of hi-impedance mode by enabling the output drivers in software. 














TABLE 9-9: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER 


onarecterstc ————_|_min | Tyot | max | Unt 

: Sym_ | Characteristic —— Typt 

3 TmcL. | MCLR Pulse Width (low) P00 { — | — | ne, 
Watchdog Timer Timeout Period 18 30* 
(No Prescaler) il id bal we 

: eae 





2 
° 


7 _ Conditions 
DD = SV, -40°C to +125°C 
D = 5V, -40°C to +125°C 

















sis 


Device Reset Timer Period 30* Vop = 5V, -40°C to +125°C 
/O Hi-impedance from MCLR Low | 100 | ns — 7 
_ These parameters are characterized but not tested. | | 
Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 


0 
2 
34 
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FIGURE 9-5: TIMERO CLOCK TIMINGS 





TABLE 9-10: TIMERO CLOCK REQUIREMENTS 


lie intel cone cl bs 
No. 


4 
4 





ia a See 
TtOH | TOCKI High Pulse Width 0.5 Tcy + 20* Pee be mise 
Win Prescaler [TOF | — | 





















TtOL | TOCKI Low Pulse Width 0.5 Tcy + 20° Pas 
With Prescaler 


TtOP | TOCKI Period | Tcy +.40* jae 
N 


These parameters are characterized but not tested. 


T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 


0 
1 
2 


4 






N = prescale value 


( 


1, 2, 4, ..., 256) 
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NOTES: | 4 | / 
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10.0 DC AND AC CHARACTERISTICS 


The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. In some 
graphs or tables the data presented are outside specified operating range (e.g. outside specified VDD range). This is 
for information only and devices are guaranteed to operate properly only within the specified range. 


The data presented in this section is a statistical summary of data collected on units from different lots over a period of 
time. "Typical" represents the mean of the distribution while "max" or "min" represents (mean + 35) and (mean - 30) 
respectively where o is standard deviation. 


FIGURE 10-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE 


Fosc 
Fosc (25°C) 





1.10 





TABLE 10-1: RC OSCILLATOR FREQUENCIES 


Average 
Fosc @ 5V, 25°C 
4.973 MHz 
3.82 MHz 
2.22 MHz 
262.15 KHz 
1.63 MHz 


1.19 MHz 
684.64 kHz 
71.56 kHz 

660.0 kHz 

484.1 kHz 
267.63 kHz 
29.44 kHz 





The frequencies are measured on DIP packages. 


The percentage variation indicated here is part to part variation due to normal process distribution. The variation indi- 
cated is +3 standard deviation from average value for VDD = 5V. 
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FIGURE 10-2: TYPICAL RC OSCILLATOR FIGURE 10-3: TYPICAL RC OSCILLATOR — 
FREQUENCY vs. Vpp FREQUENCY vs. Vpp 





Fosc (MHz) 


LIL 
LATTE. 


Fosc (MHz) 


Pf || Re too FIGURE 10-4: TYPICAL RC OSCILLATOR 
0.0 ) FREQUENCY vs. Vpp 
3.5 4.0 4.5 5.0 5.5 6. 


Volt 
- Measured.on DIP Packages weO ote) 


3.0 


VoD (Volts) 


| Measured on DIP Packages 


Fosc (kHz) 


a 


_ Cext = 300 pF, T = 25°C 


bao 


R = 100k 


Vpp (Volts) 
Measured on DIP Packages 
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FIGURE 10-5: TYPICAL IPp vs. Vop FIGURE 10-7: TYPICAL IPp vs. VoD 
WATCHDOG DISABLED 25°C WATCHDOG ENABLED 25°C 
2.5 
2.0 





er 30 35 40 45 50 55 60 35 40 45 50 
Vop (Volts) Vop (Volts) 
FIGURE 10-6: MAXIMUM IPD vs. Vop FIGURE 10-8: MAXIMUM IPD vs. Vop 
WATCHDOG DISABLED WATCHDOG ENABLED 
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IPD, with WDT enabled, has two components: 

The leakage current which increases with higher temperature 
and the operating current of the WDT logic which increases 
with lower temperature. At -40°C, the latter dominates 
explaining the apparently anomalous behavior. . 
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FIGURE 10-9: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs. VoD 
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Note: These input pins have Schmitt Trigger input buffers. - 
FIGURE 10-11: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs. VppD 
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FIGURE 10-12: TYPICAL IpD vs. FREQUENCY (EXTERNAL CLOCK 25°C) 
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FIGURE 10-14: MAXIMUM Ipp vs. FREQUENCY (EXT ERNAL CLOCK “55°C TO +125°C) 
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FIGURE 10-15: WOT TIMER TIME-OUT FIGURE 10-16: TRANSCONDUCTANCE (gm) 
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FIGURE 10-17: TRANSCONDUCTANCE (gm) FIGURE 10-19: TRANSCONDUCTANCE (gm) 
OF LP OSCILLATOR vs. Vop OF XT OSCILLATOR vs. Vpp 
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FIGURE 10-21: loL vs. VOL, VDD = 3V FIGURE 10-22: loL vs. VOL, VDD = 5V_ 
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11.0 DEVELOPMENT SUPPORT 
11.1 Development Tools 


The PIC16/17 microcontrollers are supported with a full 
range of hardware and software development tools: 


° PICMASTER® Real-Time In-Circuit Emulator 

¢ PRO MATE™ Universal Programmer 

¢ PICSTART® Low-Cost Prototype Programmer 

e PICDEM-1 Low-Cost Demonstration Board 

e PICDEM-2 Low-Cost Demonstration Board 

e MPASM Assembler 

e MPSIM Software Simulator 

¢ C Compiler (MP-C) 

¢ Fuzzy logic development system 
(fuzzyTECH®-MP) 


11.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is 
intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura- 
tion is shown in Figure 11-1. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 386 (and better) machines in the Microsoft 
Windows™ 3.x environment. Thus, allowing the opera- 
tor access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen- 
erally found on more expensive development tools. The 
AT platform and Windows 3.x environment was chosen 
to best make these features available to you, the end 
user. 


The PICMASTER Universal Emulator System consists 
primarily of four major components: 


¢ Host-Interface Card 

e Emulator Control Pod 

¢ Target-Specific Emulator Probe 

¢ PC-Host Emulation Control Software 


The Windows 3.x operating system allows the devel- 
oper to take full advantage of the many powerful fea- 
tures and functions of the PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


PC-Host Emulation Control software takes full advan- 
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.x, two or more PICMASTER emula- 
tors can be run simultaneously from the same PC mak- 
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16CXX pro- 
cessor and a PIC17CXX processor). 


The PICMASTER probes specifications are shown in 
Table 11-1. 


FIGURE 11-1: PICMASTER SYSTEM CONFIGURATION 
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TABLE 11-1: PICMASTER PROBE SPECIFICATION z : 


















PROBE 













PICMASTER Probe 

















| | | Frequency Voltage 
| PROBE-16B[PICtec71— MHZ 4-5 
PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 4.5V -5.5V 
PIC16C56, PIC16C57, PICIGCR57A, PIC16C58A, and 
PIC16CR58A | | 
4.5V - 5.5V 


* PROBE-16F indirectly supports the PIC16C65. 
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11.3 PRO MATE: Universal Programmer 


The PRO MATE Universal Programmer is a full-fea- 
tured programmer capable of operating in stand-alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable VbD and VPP sup- 
plies which allows it to verify programmed memory at 
VDD min and VDD max for maximum reliability. It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand- 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect bits in this 
mode. 


in PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. Full screen display and editing of data, 
easy selection of fuse configuration and part type, easy 
selection of VDD min, VDD max and VprP levels, load and 
store to and from disk files (Intel® hex format) are some 
of the features of the software. Essential commands 
such as read, verify, program and blank check can be 
issued from the screen. Additionally, serial program- 
ming support is possible where each part is pro- 
grammed with a different serial number, sequential or 
random. 


The PRO MATE has a modular “programming socket 
module”. Different socket modules are required for dif- 
ferent processor types and/or package types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


11.4 PICSTART Low- 
System 


The PICSTART programmer is an easy to uSe, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS-232) ports. A PC-based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. PICSTART is not recommended for pro- 
duction programming. 


t Development 


11.5 PICDEM-1Low- t PIC16/17 
Demonstration Board 


The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip’s microcontrol- 
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16CE2X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro- 
controllers provided with the PICDEM-1 board, ona 
PRO MATE or PICSTART-16B programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. 
Additional prototype area is available for the user to 
build some additional hardware and connect it to the 
microcontroller socket(s). Some of the features include 
an RS-232 interface, a potentiometer for simulated 
analog input, push-button switches and eight LEDs 
connected to PORTB. 


11.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 


The PICDEM-2 is a simple demonstration board that 
supports the PIC16C63, PIC16C64, PIC16C65, 
PIC16C73 and PIC16C74 microcontrollers. All the 
necessary hardware and software is included to 
run the basic demonstration programs. The user 
can program the sample microcontrollers provided 
with the PICDEM-2 board, on a PRO MATE pro- 
grammer or PICSTART-16C, and easily test firmware. 
The PICMASTER emulator may also be used with the 
PICDEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi- 
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter- 
face, push-button switches, a potentiometer for simu- 
lated analog input, a Serial EEPROM to demonstrate 
usage of the I?C bus and separate headers for connec- 
tion to an LCD module and a keypad. 
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11.7 Assembler (MPASM) 


The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ- 
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami- 
lies. 


MPASM offers full featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from 
the Microchip Universal Emulator System 
(PICMASTER). : 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembler source code to - 
object code for all Microchip microcontrollers. 

e Macro assembly capability | 

e Produces all the files (Object, Listing, Symbol, 
and special) required for symbolic debug with 
Microchip’s emulator systems. 

e Supports Hex (default), Decimal and Octal source 

and listing formats. | 


MPASM provides a full feature directive language rep- 
resented by four basic classes of directives: 


e Data Directives are those that control the ailoca- 
tion of memory and provide a way to refer to data 
items symbolically, i.e., by meaningful names. 

e Listing Directives control the MPASM listing dis- 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 

¢ Control Directives permit sections of condition- 
ally assembled code. 

e Macro Directives control the execution and data 
allocation within macro body definitions. 


11.8 Software Simulator (MPSIM) 


The MPSIM Software Simulator allows code develop- 
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 
examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 


TABLE 11-2: DEVELOPMENT SYSTEM PACKAGES 


ns System Description 

















PICMASTER System PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft- 
ware Simulator, Samples and your choice of Target Probe. 
2 PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 
PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro- 
grammer, Assembler, Simulator | 


radix can be set by the user and the execution can be 
performed in; single step, execute until break, or in a 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C: and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 


11.9 C Compiler (MP-C) 


The MP-C Code Development System is a complete 'C' 
compiler and integrated development environment for 
Microchip’s PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display 
(emulator software versions 1.13 and later). 


The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can- 


da. If you have any questions, please contact your 


regional Microchip FAE or Microchip technical support 


personnel at (602) 786-7627. 


11.10 Fuzzy Logic Development System 
| (fuzzyTECH-MP) | 


fuzzyTECH-MP fuzzy logic development tool is’ avail- 
able in two versions - a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design; and 
a full-featured version, fuzzyTECH-MP Edition, for 
implementing more complex systems. 


Both versions include Microchip’s fuzzy_AB™ demon- 
stration board for hands-on experience with fuzzy logic 
systems implementation. 


11.11 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 11-2. 
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12.0 PACKAGING INFORMATION 


For Package Dimensions, 
please refer to the Packaging section of the Data Book 
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Package Marking Information 
18-Lead PDIP © 


MMMMMMMMMMMMXXX 
C) MMMMMMMMXXXXXXX 





AS AABB CDE 


18-Lead SOIC 


MMMMMMMMM 
MMMMMMMMM 


© © AABB CDE 





28-Lead SOIC 


MMMMMMMMMMMMMMMMMMXX 
XXXXXXXXXXXXXXXXXKKK 





O ASS aABB CDE 


28-Lead PDIP (.300") 








Example 


PIC16C56- 
C) RCI/P456 


AX 9123 cBA 


Example 


PIC16C54- 
XTI/S0218 


6 & 9118 cDK 





Example 


PICL6CS7=xXT/S0 





© ® 9015 cee 


Example 


RXXXXXXXXXXXXAXXKX 


PIC16C56- 
(_) RCI/P456 


AX 9123 cBA 






C) XXXXXXXXXKXKXXXXXXX 
KX AABB CDE 





20-Lead SSOP Example 


XXXXXXXX PIC16C54 
XXXXXXXX XTI/218 
JS.aaBe CDE JS9 051 CBP 


Microchip part number information 
Customer specific information” 
Year code (last 2 digits of calender year) 


Week code (week of January 1 is week '01’) 


Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 


Mask revision number for microcontroller 
Mask revision number for EEPROM 


Assembly code of the plant or country of origin in which 
part was assembled. 


In the event the full Microchip part number cannot be marked on one 
line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information. 





* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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28-Lead SSOP 


AAKXAKXXXXKXKK 
AXKXXXXXXXXXX 





oS AABB CDE 


28-Lead PDIP (.600") 


| MMMMMMMMMMMMXXxX | 


MMMMMMMMXXXXXXX 
© XXXXXXXXXXXXKKX ©) 
ONY AABB CDE 


O MICROCHIP 





18-Lead CERDIP Windowed 


XXXXXKXKX 
XXXXXXXX 
AABB CDE 


MMMMMMMMMM 
MMMMMM 


AABB CDE 





Example 


PICL657=XE 





oS 9225 CBK 


Example 

| PIC16C55- | 
XTI/P126 O 
. D 

9 SL 





Example 


. PIC16C54 
& {| 


9101 CBA 





Example 


PICL6CS7 


9038 CBA 


Microchip part number information 

Customer specific information” 

Year code (last 2 digits of calender year) 

Week code (week of January 1 is week '01’) 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

Mask revision number for microcontroller 

Mask revision number for EEPROM 

Assembly code of the plant or country of origin in which 


part was assembled. 


In the event the full Microchip part number cannot be marked on one 
line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information. 





* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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NOTES: 
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APPENDIX A: COMPATIBILITY APPENDIX B: WHAT’S NEW 

To convert code written for PICI6CXX to PIC16C5X, The format of this data sheet has been changed to be 

the user should take the following steps: consistent with other product families. This ensures 

1. Check any CALL, GOTO or instructions that mod- that important topics are covered across all Eloy 
ify the PC to determine if any program memory families. Here is an overview list of new features: 
page select operations (PA2, PA1, PAO bits) e Data Sheet Structure / Outline 


need to be made. 





2. Revisit any computed jump operations (write to 
PC or add to PC, etc.) to make sure page bits 
are set properly under the new scheme. 

3. Eliminate any special function register page 
switching. Redefine data variables to reallocate 
them. 

4. Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

5. Change reset vector to proper value for proces- 
sor used. 

6. Remove any use of the ADDLW and SUBLW 
instructions. 

7. Rewrite any code segments that use interrupts. 
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APPENDIX C: WHAT’S CHANGED 


To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This is so that control 
bits that do the same function have the same name 
(regardless of processor family). Care must still be 
taken, since they may not be in the same special func- 
tion register. The following shows the register and bit 
names that have been changed: 


REGISTER NAME CHANGES 


OLDNAME | NEWNAME 








RTCC TMRO 


BIT NAME CHANGES 


OLD NAME 





PIN NAME CHANGES 


OLDNAME | NEWNAME | 
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Clock Peripherals 
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* Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capa- 
bility. 
2: The PIC17C4X devices can also operate in microprocessor and external microcontroller modes. 
3: PORTB has software-configurable weak pull-ups. 
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18-pin DIP, 18-pin SOIC 


28-pin SDIP, 28-pin SOIC 


3.0-6.0 al 26-pin SDIP, 26-pin SOIC 
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40-pin DIP, 44-pin PLCC, 44-pin QFP 


2;SPI/l?C/| Yes 3.0-6.0 
TMR1, TMR2 SCI . 
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*  *Please contact your local sales office for availability of these devices. 


Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability. 
2: The PiC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 
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Features 


Peripherals 

















PIC16C54 
PIC16C54A 
PIC16CR54 


nN 


18-pin DIP, 18-pin SOIC, 20 pin SSOP 
18-pin DIP, 18-pin SOIC, 20 pin SSOP 





% 
512 3 |18-pin DIP, 18-pin SOIC, 20 pin SSOP 


3 
3 |28-pin DIP, 28-pin SOIC, 28 pin SSOP 












Piciecs4 | 

piorecwaa_| 20 

frcisorss [20 

sa[=[ 

Piciecs6 =| 20 J 1K |—| 25 | TMRO | 12 | 25-625, 33 |18-pin DIP, 18-pin SOIC, 20-pin SSOP 
POR ees) 02.4 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP 
PIcteCRS7A] 20 | — | 2k] 72 | TMRO | 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP 
Piciecs8A | 20 | 2k |—| 73 | TMRO | 12 |25-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP 
| 20 | — |2k|; 73 | TMRO | 12 | 2.0-6.25 | 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP 
Note: All Bice Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/O current 

capability. 
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D.1 Pin Compatibility 


Devices that have the same package type; and VDD, 
Vss, and MCLR pin locations, are said to be pin com- 
patible. This allows these different devices to operate in 
the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and © 
PIC16C61 devices). Not all devices in the same pack- 
age size are pin compatible; for example, the 
PIC 16C62 is compatible with the PIC16C63, but not the 
PIC16C55. 


Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an A/D converter, weak pull-ups on PORTB, or inter- 
rupts. 





TABLE D-4: PIN COMPATIBILE DEVICES 


Pin Compatible Devices 


PIC16C61, i 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 

PIC16C54, PIC16C54A, PIC16CR54, 

PIC16C56, PIC16C58A, PIC16CR58A 


PIC16C62, PIC16C63, PIC16C73 


PIC16C55, PIC16C57, PICI6CR57A | 28 pin 
PIC17C42, PIC17C43, PIC17C44 


PIC16C64, PIC16C65, PIC16C74 
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CONNECTING TO MICROCHIP BBS 


Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In most 
cases a local call is your only expense. The Microchip 
BBS connection does not use CompuServe member- 
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


There is no charge for connecting to the BBS, except 
toll charge to CompuServe access number, where 
applicable. You do not need to be a CompuServe 
member to take advantage of this connection (you 
never actually log in to CompuServe). 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
service allows multiple users at baud rates up to 14400 
bps. 


The following connect procedure applies in most loca- 
tions: 


1. Setyourmodem to 8 bit, No parity, and One stop 
(8N1). This is not the normal CompuServe set- 
ting which is 7E1. 

2. Dial your local CompuServe access number. 

3. Depress <ENTER.J> and a garbage string will 
appear because CompuServe is expecting a 
7E1 setting. 

4. Type +, depress <ENTER.I> and Host Name: 
will appear. 

5. Type MCHIPBBS, depress < ENTER./ > and 
you will be connected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial 
(800) 848-4480 for 300-2400 baud or (800) 331-7166 
for 9600-14400 baud connection. After the system 
responds with Host Name:, type 


NETWORK, depress < ENTER.! > 
and follow CompuServe's directions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 






Trademarks: 


PICMASTER and PICSTART are registered 
trademarks of Microchip Technology Incorporated. 
PIC is a registered trademark of Microchip 
Technology Incorporated in the U.S.A. | 


PRO MATE, fuzzy_AB, the Microchip logo and 
name are trademarks of Microchip Technology 
incorporated. 





















fuzzyTECH is a registered trademark of Inform 
Software Corporation. 
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READER RESPONSE 


It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod- 
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 


Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 


To: Technical Publications Manager Total Pages Sent 
RE: Reader Response 


From: Name 


Company 
Address 
City / State / ZIP / Country 


Telephone: ( ) - FAXES (Cg 23) 
Application (optional): 


Would you like a reply? Y N 


Device: PIC16C5X Literature Number: DS30015L 


Questions: 


1. What are the best features of this document? 


2. How does this document meet your hardware and software development needs? 


3. Do you find the organization of this data sheet easy to follow? If not, why? 


4. What additions to the data sheet do you think would enhance the structure and subject? 


5. What deletions from the data sheet could be made without affecting the overall usefullness? 


6. Is there any incorrect or misleading information (what and where)? 


7. How would you improve this document? 


8. How would you improve our software, systems, and silicon products? 
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PIC16C5X Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. ) : 


PARTNO. -XX X /XX XXX. | 
~ Ly Pattern: 3-Digit Pattern Code for QTP (blank otherwise) 


PDIP 
SOIC (Gull Wing, 300 mil body) Examples: 
PDIP (28L, 300 mil body) a) PIC16C54 - XT/PXXX = 
SSOP (209 mill body) "XT" oscillator, commercial 
Windowed CERDIP temp., PDIP, QTP pattem 
Die in Waffle Pack b) PIC16C55 - XTI/SO = 
"XT" oscillator, industrial 
temp., SOIC (OTP device) 
c) PIC16C55 - JW = 
Commercial temp. CERDIP 
Oscillator RC, HS with WINDOW 
Type: XT, LP PIC16C57 - RCI/S = 
"RC oscillator", industrial 


Device: eee temp., dice in waffle pack 


PIC16C56 
PIC16C57 


Package: P 
sO 
SP 
SS 
JW* 
S 


0°C to +70°C (T for tape/reel) 
-40°C to +85°C (S for tape/reel) 
40°C to +125°C 


Temperature - 
Range: L 





Note: * For UV erasable devices, the oscillator type is RC by default (=erased device). The user 
can select XT, HS or LP oscillators by programming the appropriate fuses. 





Sales and Support 









Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 

1. Your local Microchip sales office (see below) 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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Microcue ENHANCED PIC16C5X 





EPROM/ROM-Based 8-Bit CMOS Microcontroller Series 





Devices Included in this Data Sheet 
e PIC16C54A 
¢ PIC16C58A 
e PIC16CR58A 
¢ PIC16CR57A 


High-Performance RISC-like CPU 


¢ Only 33 single word instructions to learn 
e Allinstructions are single cycle (200 ns) except for 
program branches which are two-cycle 
¢ Operating speed: DC - 20 MHz clock input 
DC - 200 ns instruction cycle 











PIC16C54A 


PIC16C58A 73 
e 12-bit wide instructions 

e 8-bit wide data path 

e Seven or eight special function hardware registers 
¢ Two-level deep hardware stack 


e Direct, indirect and relative addressing modes for 
data and instructions 





Peripheral Features 

¢ 8-bit real time clock/counter (TMRO) with 8-bit pro- 
grammable prescaler 

¢ Power-On Reset (POR) 

e Device Reset Timer 


e Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 


e Programmable code-protection 
e Power saving SLEEP mode 
e EPROM/ROM selectable oscillator options: 


- RC: Low-cost RC oscillator 
a5 Standard crystal/resonator 
- HS: High-speed crystal/resonator 
- LP: Power saving, low frequency crystal 


Package Types 


| PDIP, SOIC, Windowed CERDIP | 


16{ ] ~«———— OSC1/CLKIN 
151] ——m OSC2/CLKOUT 


ae 
O00 
DHA 
ONO 
ae 
o> > 
> 


27[ |] «——— OSC1/CLKIN 
26[ |] ——— OSC2/CLKOUT 


VLSHD9LDId 





CMOS Technology 
e Low-power, high-speed CMOS EPROMROM tech- 
nology 
e Fully static design 
e Wide-operating voltage range: 
- EPROM Commercial/Industrial 2.5V to 6.25V 
- ROM Commercial/Industrial: 2.0V to 6.25V 
e Low-power consumption 
- <2mAtypical @ 5V, 4 MHz 
- 15 pAtypical @ 3V, 32 kHz 


- <0.3 pA typical standby current (with WOT 
disabled) @ 3V, O°C to 70°C 
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Package Types 
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1.0 GENERAL DESCRIPTION 


The Enhanced PIC16C5X from Microchip Technology 
is a family of low-cost, high-performance, 8-bit, fully 
static, EPROM-based CMOS microcontrollers. This 
family is pin and software compatible with the 
PIC16C5X family of devices in a new enhanced pro- 
cess technology. It employs a RISC-like architecture 
with only 33 single word/single cycle instructions. All 
instructions are single cycle (200 ns) except for pro- 
gram branches which take two cycles. The Enhanced 
PIC16C5X delivers performance an order of magnitude 
higher than its competitors in the same price category. 
The 12-bit wide instructions are highly symmetrical 
resulting in a 2:1 code compression over other 8-bit 
microcontrollers in its class. The easy to use and easy 
to remember instruction set reduces development time 
significantly. 


The Enhanced PIC16C5X products are equipped with 
special features that reduce system cost and power 
requirements. The Power-On Reset (POR) and Device 
Reset Timer eliminate the need for external reset cir- 
cuitry. There are four oscillator configurations to choose 
from, including the power-saving LP (Low Power) oscil- 
lator and cost-saving RC oscillator. Power saving 
SLEEP mode, watchdog timer and code protection fea- 
tures improve system cost, power and reliability. 


The UV-erasable CERDIP packaged versions are ideal 
for code development, while the cost-effective One- 
Time-Programmable (OTP) versions are suitable for 
production in any volume. The customer can take full 
advantage of Microchip’s price leadership in OTP 
microcontrollers while benefiting from the OTP’s flexi- 
bility. 

The PIC16C5X products are supported by a full-fea- 
tured macro assembler, a software simulator, an in-cir- 
cuit emulator, a ‘C’ compiler, fuzzy logic support tools, 
a low-cost development programmer, and a full fea- 
tured programmer. All the tools are supported by IBM® 
PC and compatible machines. 


1.1 Applications 


The PIC16C5X series fits perfectly in applications rang- 
ing from high-speed automotive and appliance motor 
control to low-power remote transmitters/receivers, 
pointing devices and telecom processors. The EPROM 
technology makes customizing application programs 
(transmitter codes, motor speeds, receiver frequen- 
cies, etc.) extremely fast and convenient. The small 
footprint packages, for through hole or surface mount- 
ing, make this microcontroller series perfect for applica- 
tions with space limitations. Low-cost, low-power, high 
performance, ease of use and //O flexibility make the 
PIC16C5X series very versatile even in areas where no 
microcontroller use has been considered before (e.g., 
timer functions, replacement of “glue” logic in larger 
systems, co-processor applications). 
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TABLE 1-1: ENHANCED PIC16C5X FAMILY OF DEVICES 


Peripherals 


18-pin DIP, 18-pin SOIC, 20 pin SSOP 


28-pin DIP, 28-pin SOIC, 28 pin SSOP 
18-pin DIP, 18-pin SOIC, 20-pin SSOP 


28-pin DIP, 28-pin SOIC, 28 pin SSOP 


2.5-6. 
PIC16C56 12 | 2.5-6.25 


z 
z 





Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current 
capability. 
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2.0 PIC16C5X DEVICE VARIETIES 


A variety of frequency ranges and packaging options 
are available. Depending on application and production 
requirements, the proper device option can be selected 
using the information in this section. When placing 
orders, please use the “PIC16C5X Product Identifica- 
tion System” on the back page of this data sheet to 
specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in a CERDIP pack- 
age is optimal for prototype development and pilot pro- 
grams 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes. Microchip's 
PICSTART™ and PRO MATE™ programmers both sup- 
port programming of the PIC16C5X. 


2.2 One-Time-Programmable (OTP) 
Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and 
updates. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the pro- 
gram memory, the configuration fuses must be pro- 
grammed. 


2.3 Quick-Turnaround-Production (QTP) 


Devices 


Microchip offers a QTP Programming Service for fac- 
tory production orders. This service is made available 
for users who choose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already pro- 
grammed by the factory. Certain code and prototype 
verification procedures apply before production ship- 
ments are available. Please contact your Microchip 
Technology sales office for more details. 


2.4 Serialized Quick-Turnaround- 
Production TP) Devi 


Microchip offers the unique programming service 
where a few user-defined locations in each device are 
programmed with different serial numbers. The serial 
numbers may be random, pseudo-random or sequen- 
tial. 


Serial programming allows each device to have a 
unique number which can serve as an entry-code, 
password or ID number. 


2.5 Read Only Memory (ROM) Devices 


Microchip offers masked ROM versions of several of 
the highest volume parts, giving the customer a low 
cost option for high volume, mature products. 
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NOTES: 
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3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16C5X family can be 
attributed to a number of architectural features com- 
monly found in RISC microprocessors. To begin with, 
the PIC16C5X uses a Harvard architecture in which 
program and data are accessed on separate buses. 
This improves bandwidth over traditional von Neumann 
architecture where program and data are fetched on 
the same bus. Separating program and data memory 
further allows instructions to be sized differently than 
the 8-bit wide data word. Instruction opcodes are 
12-bits wide making it possible to have all single word 
instructions. A 12-bit wide program memory access 
bus fetches a 12-bit instruction in a single cycle. A 
two-stage pipeline overlaps fetch and execution of 
instructions. Consequently, ail instructions (33) execute 
in a single cycle (200 ns @ 20 MHz) except for program 
branches. 


The PIC16C58A/CR58A and PIC16CR57A address 
2Kx12 program memory, while the PIC16C54A 
addresses 512 x 12 of program memory. All program 
memory is internal. 


The PIC16C5X can directly or indirectly address its reg- 
ister files and data memory. All special function regis- 
ters including the program counter are mapped in the 
data memory. The PIC16C5X has a highly orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any 
addressing mode. This symmetrical nature and lack of 
‘special optimal situations’ make programming with the 
PIC16C5X simple yet efficient. In addition, the learning 
curve is reduced significantly. 


PIC16C5X devices contain an 8-bit ALU and working 
register. The ALU is a general purpose arithmetic unit. 
It performs arithmetic and Boolean functions between 
data in the working register and any register file. 


The ALU is 8-bits wide and capable of addition, sub- 
traction, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple- 
ment in nature. In two-operand instructions, typically 
one operand the W (working) register. The other oper- 
and is either a file register or an immediate constant. In 
single operand instructions, the operand is either the W 
register or a file register. 


The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
Operate as a borrow and digit borrow out bit, respec- 
tively, in subtraction. See the SUBWF and ADDWF 
instructions for examples. 





A simplified block diagram is shown in Figure 3-1, with 
the corresponding device pins described in Table 3-1, 
and Table 3-2. 
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FIGURE 3-1: 


. 9-41 
EPROM 9-11 ec STACK 1 TOCK! | CONFIGURATION WORD | OSC1 OSC2 MCIR 
2048X12 | ss | | 


PIC16C5X SERIES BLOCK DIAGRAM 








SELECT” 


WATCHDOG | 
TIMER - “CODE 
PROTECT” OSCILLATOR/ 


TIMING & 
CONTROL 


12 


INSTRUCTION 


REGISTER - 
WDT TIME WDT/TMRO> CLKOUT 
OUT PRESCALER 


“SLEEP” 
INSTRUCTION | 


DECODER 





OPTION REG.|~+—— “OPTION” 
DIRECT ADDRESS | DIRECT RAM 


ADDRESS GENERAL. 
~ PURPOSE 





REGISTER 
FILE 
(SRAM) 


24-72 Bytes 


DATABUS 


LITERALS 


“TRIS 5” 


_) 
8 
RA3:RAO RB7:RBO RC7:RCO 


(28-Pin 
Devices Only) 
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TABLE 3-1: PIC16C54A/C58A/CR58A PINOUT DESCRIPTION 


alt a V/O/P | Buffer 
Description 
Type re 


rRAOtCS a a /O Bi-directional I/O port 
RA1 18 i /O a 
































RA2 1 VO ) TTL 
2 
6 ri Bi-directional I/O port 
7 8 TTL 
RB2 8 8) VO ) TTL 
RB3 9 10 VO |} TTL 
RB4 10 11 VO | TTL 


RB5 
/O 
/O 


12 

3 ST | Clock input to TMRO timer. Must be tied to Vss or VDD, if not 
in use, to reduce current consumption. 

4 ST | Master clear (reset) input/programming voltage input. This 
pin is < is an active low reset to the device. Voltage on the 


TOCKI 






MCLR/VPr pin must not exceed VpD to avoid unintended 


entering of test modes. 


Fae A | ST Oscillator crystal input/extemal clock source input. 
17 Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 


OSC2/CLKOUT 





denotes the instruction cycle rate. 


foe Positive supply for logic and I/O pins. 
eee | Ground reference for logic and I/O pins. 


oer | = Input only; O = Output only; I/O = Input/Output; P = Power; — = Not Used; TTL = TTL input; 
ST = Schmitt Trigger input. 


15,16 
5,6 


1 
12 
13 
OSC1/CLKIN = 
Lie 
es Bd 


ae : 
ww 
“NO 
5 
0 
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TABLE 3-2: PIC16CR57A PINOUT DESCRIPTION 


DIP, SOIC SSOP VO/P ener: Descri tion 
| No. | No. | Type] Type i 


RAOSC~S VO | TTL | Bi-directional Bi-directional VOpot = port 












| the device. fee on the MCLR pin must not exceed Vpp 
to avoid unintended entering of test modes. 









OSC1/CLKIN 






Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 

denotes the instruction cycle rate. 


OSC2/CLKOUT 
Positive supply for logic and I/O pins. 
Ground reference for logic and //O pins. 


N/C Unused, do not connect 


Legend: | = Input only; O = Output only; I/O = Input/Output; P = Power; — = Not Used; TTL = TTL input; 
ST = Schmitt Trigger input. 
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3.1 Clocking Scheme/instruction Cycle 


The clock input (from the OSC1/CLKIN pin) is internally 
divided by four to generate four non-overlapping 
quadrature clocks namely Q1, Q2, Q3 and Q4. Inter- 
nally, the program counter is incremented every Q1, 
and the instruction is fetched from program memory 
and latched into instruction register in Q4. It is decoded 
and executed during the following Q1 through Q4. The 
clocks and instruction execution flow is shown in 
Figure 3-2 and Example 3-1. 


FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 


| Qi | G2] Q3 | Q4: QI 
OSC1 
EN Ne Saat re et ee a ee 
Q2 Ue ee a ee tel itl 
Q3 pf NF Block 


3.2 Instruction Flow/Pipelining 


An “instruction Cycle” consists of four Q cycles (Q1, 
Q2, Q3 and Q4). The instruction fetch and execute are 
pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) then 
two cycles are required to complete the instruction (see 
Example 3-1). 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. 


In the execution cycle, the fetched instruction is latched 
into the “Instruction Register’ in cycle Q1. This instruc- 
tion is then decoded and executed during the Q2, Q3, 
and Q4 cycles. Data memory is read during Q2 (oper- 
and read) and written during Q4 (destination write). 


| Q2 | Q3 | Q4 1 Qt | Q2 | QB] Q4 


Q4 \ a en es 
| | | 


PC 
OSC2/CLKOUT ( 
(RC mode) 
Fetch INST (PC 
Execute INST (PC-1) 


EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 








te 


Fetch INST (PC+1) 
Execute INST (PC Fetch INST (PC+2 
ji séExecute INST (PC+1) 





ssn [ete TY] 
PORTB Fetch 2 


SUB_1 
PORTA, BIT3 


Fetch 3 


Fetch 4 (ce “FINS 





Fetch SUB_1 | 


All instructions are single cycle, except for any program branches. These take two cycles since the fetch 
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed. 
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NOTES: 
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4.0 MEMORY ORGANIZATION 


4.1 Program Memory Organization 


Up to 512 words of 12-bit wide on-chip program mem- 
ory (EPROM/ROM) can be directly addressed. Larger 
program memories can be addressed by selecting one 
of up to four available pages of 512 words each 
(Figure 4-1). Sequencing of instructions is controlled 
via the Program Counter (PC) which automatically 
increments to execute in-line programs. Program con- 
trol operations supporting direct, indirect, and relative 
addressing modes, can be performed by bit test, skip, 
call, and jump type instructions, or by loading computed 
addresses into the PC. In addition, an on-chip two-level 
stack is employed to provide easy to use subroutine 
nesting. 


4.2 Data Memory Organization 


The 8-bit data bus connects two basic functional ele- 
ments together: the register file composed of up to 80 
addressable 8-bit registers including the I/O ports, and 
an 8-bit wide Arithmetic Logic Unit (ALU). 32 bytes of 
RAM are directly addressable while a “banking” 
scheme, with banks of 16 bytes each, is employed to 
address larger data memories (Figure 4-2). Data can 
be addressed directly, or indirectly using the File Select 
Register (FSR). Immediate data addressing is sup- 
ported by special “literal” instructions which load data 
from program memory into the W register. 


The register file is divided into two functional groups: 
Special Function registers and General Purpose regis- 
ters. The special function registers include the TimerO 
(TMRO) register, the Program Counter (PC), the Status 
Register, the !/O registers (ports), and the File Select 
Register (FSR). The general purpose registers are 
used for data and control information under command 
of the instructions. 


In addition, special purpose registers are used to con- 
trol the I/O port configuration and prescaler options. 


42.1 GENERAL PURPOSE REGISTER FILE 


The register file is accessed either directly or indirectly 
through the file select register FSR (Section 4.5). 


4.2.2 SPECIAL FUNCTION REGISTERS: 


The Special Function Registers are registers used by 
the CPU and peripheral functions to control the opera- 
tion of the device (Table 4-1). 


The special registers can be classified into two sets. 
The special registers associated with the “core” func- 
tions are described in this section. Those related to the 
operation of the peripheral features are described in the 
section for each peripheral feature. 
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FIGURE 4-1: _PROGRAM MEMORY ORGANIZATION 


GOTO, CALL INST WITH PC AS DESTINATION................ FROM PA1 (STATUS<6>) (Note 1) 
GOTO, CALL INST WITH PC AS DESTINATION.............4.. FROM PAO (STATUS<5>) (Note 1) 


GOTO DIRECT FROM INSTRUCTION WORD 


CALL INST WITH PC AS DESTINATION (ALWAYS '0') 
: DIRECT FROM INSTRUCTION WORD 


GOTO Arachis cb siasea sole codasedoeiclasvaaticcatieessackmewtedinwe 
INST WITH PC AS DESTINATION ..........ccsecsseessnseees FROM ALU 
RETLW, CALL | 
9-11 Bit STACK LEVEL 2 


00 MAX. EPROM ADDRESS FOR: 











PIC16C54A 
01 
10 
11 
PIC16C58A/CR58A 
PIC16CRS57A 


Note 1: PIC16CR57A and PIC16C58A/CR58A only. 
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FIGURE 4-2: DATA MEMORY MAP 


File 

Address 76543210 
00 
01 















CALL 
nemtw 109876543210 109876543210 


76543210 
TRISA 












































ye TRISB 543210 
08 OPTION 
09 To and from 
OA register file 
OB via ALU 
oC Register —_—_—> 
oD f 
= fle From Program Memory 
Bit 6, 5 of FSR: Bank Select 
(PIC16CR57A, C58A, CR58A Only) 
10 
11 
12 
13 
14 
A General 
47 Purpose General Purpose 
48 ee Register File 
IC16CR57A, C58A, CR58A Onl 
19 (All Types) IC ISE : nly) 
1A 
1B 
1C 
1D 
1E | (Bank 0) (°"") (Bank 1) (***) (Bank 2) (***) (Bank 3) (***) 
1F 3F 5F 7F 
(*) Not a physically implemented register. See Section 4.5 for details. 


(**) File address 7h is a general purpose register on the PIC16C54A, and PIC16C58A/CRS58A. 


(***) Bank 0 is available on all microcontrollers while Bank 1, Bank 2, and Bank 3 are only available on the 
PIC16CR57A, C58A, CRS58A. (Section 4.5). 
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TABLE 4-1: PIC16C5X REGISTER FILE SUMMARY 




















Value on Value on 
Address Bit 7 Power-On and 
Reset WOT resets 

















INDF Uses contents of FSR to address data memory (not a physical register) 





TMRO 8-bit real-time clock/counter ; 


= 
aint 
<a 











Faerie ieee 
<a 





Legend: x= unknown, u = unchanged. - = aan read as '0'. 
Note 1: The upper byte of the program counter is not directly accessible. The upper bits can be set or cleared by writing to 
PA1:PAO (STATUS<6:5>). 
2: File address 7h is a general purpose register on the PIC16C54A and PIC16C58A/CRS8A. 
3: Shading indicates unimplemented bits. | 
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4.3 STATUS Register 


This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for pro- 
gram memories larger than 512 words. 


As with any other register, the STATUS register can be 
the destination for any instruction. However, the 
STATUS bits are set after the following write. 
Furthermore, the TO and PD bits are not writable. 
Therefore, the result of an instruction with the STATUS 
reqister as destination may be different than intended. 


FIGURE 4-3: STATUS REGISTER 


RW RW RW RW RW RW 


rove [ ou [rw] wo ro] 2 Los] e| 


bit7 


For example, CLRF STATUS will clear all bits, except 
for TO and PD, and then set the Z bit which leaves the 
STATUS register as 000u  ul00 (where u 
unchanged). 


Therefore, only BCF, BSF and MOVWF instructions 
should be used to alter the STATUS registers because 
these instructions do not affect any STATUS bit. 


For the instructions that affect STATUS bits, see the 
“Instruction Set Summary” (Table 8-2). 


Writable 
Readable 


Unimplemented, 
read as '0' 


Register: 

Address: : 

POR value: 0001 Ixxx! U: 
bitO | TO, PD are uniquely sev/cleared 


C: Carry/borrow bit 

For ADDWF and ADDLw instructions. 

1= A carry-out from the most significant bit of the result occurred 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

0 = Nocarry-out from the most significant bit of the result 

Note: For borrow the polarity is reversed. 


DC: Digit carry/borrow bit 

For ADDWF and ADDLWw instructions. 

1= Acarry-out from the 4th low order bit of the result occurred 
O= No carry-out from the 4th low order bit of the result 

Note: For borrow the polarity is reversed. 


Z: Zero bit 

1= The resuit of an arithmetic or logic operation is zero 
O= The result of an arithmetic or logic operation is not zero 
PD: Power down bit 

After power-up or by a CLRWDT instruction 
By execution of the SLEEP instruction 


: Time-out bit 


After power-up and by the CLRWDT and SLEEP instruction 
A watchdog timer time-out has occurred 


PA1:PA0: Program Page Pre-select bits 


(PIC16CR57A and PIC16C58A/CRS58A only) 
00 = Page 0 (000 - 1FF) 


01 = Page 1 (200 - 3FF) 
10 = Page 2 (400 - 5FF) 
11 = Page 3 (600 - 7FF) 


Each page is 512 words. 


Using the PA1:PAO bits as general purpose read/write bits in the 
PIC16C54<A is not recommended, since this may affect upward compatibility 
with future products. 


PA2: This bit is unimplemented at this time 


Use of the PA2 bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.4 OPTION Register 


The OPTION register is a 6-bit wide, write only register 
which contains various control bits to configure the 
TMRO/WDT prescaler, the extemal INT interrupt, and 
TMRO. | 


By executing the OPTION instruction, the contents of 
the W register will be transferred to the OPTION regis- 
ter. A RESET sets the OPTION register to all '1's. 








FIGURE 4-4: OPTION REGISTER | 


U U W Ww w WwW W WwW 


Register: OPTION | W: Write only 
eel oe Lelsied Bidsdet disiiel adhe adel oe Address: N/A } U: Unimplemented, 


bit7 bitO POR value: FFh read as '0' 


PS2:PS0 


Se ee ee ee ee ee ee 
ee os 0 e 6s oe oe 


ay laces 
a 
5 Bete 
: ee 
1 
Ls 
1 

1 


PSA: Prescaler assignment bit 
1 = Prescaler assigned to the WDT 
0 = Prescaler assigned to TMRO 


TOSE: TMRO source edge select bit 


1 = Increment on high-to-low transition on the TOCKI pin 
0 = Increment on low-to-high transition on the TOCK! pin 


TOCS: TMRO clock source select bit 


1 = Transition on the TOCKI pin 
0 = Internal instruction cycle clock (CLKOUT) 


Unimplemented: Read as 'O' 








DS30236A-page 2-112 © 1995 Microchip Technology Inc. 


Enhanced PIC16C5X 





4.5 Indirect Data Addressing, INDF and 
FSR Register 


The INDF register is not a physical register and is used 
in conjunction with the FSR register to perform indirect 
addressing. 


indirect addressing is possible by using the INDF regis- 
ter. Any instruction using the INDF register actually 
accesses data pointed to by the File Select Register 
(FSR). Reading INDF itself (i.e. FSR = 0) indirectly will 
produce OOh. Writing to the INDF register indirectly 
results in ano-operation (although STATUS bits may be 
affected). 


Asimple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-1. 


EXAMPLE 4-1: INDIRECT ADDRESSING 


movlw 0x10 ; Initialize pointer 


movwft FSR ; to RAM 
Next clrf INDF ; Clear loc 
incf FSR ; increment pntr 
btfsc FSR,4 ; All done? 
goto Next ; No, clear next 
; Location 


FIGURE 4-5: DIRECT/INDIRECT ADDRESSING 


Direct Addressing 


RP1:PRO 5 from opcode 0 
Net se Fae 


bank select location select 


Bank 0 Bank 1 


Note 1: For register memory map detail Figure 4-2. 


45.1 FILE SELECT REGISTER (FSR) 


The FSR is either a 5-bit (PIC16C54A) or 7-bit 
(PIC16C57A/C58A/CR58A) wide register. It is used in 
conjunction with the INDF register to indirectly address 
the data memory area. The FSR<4:0> bits are the 
pointer for data memory addresses OOh to 1Fh. 
FSR<4> toggles between the 16 lower (OOh-OFh) and 
16 upper (10h-1Fh) register files. When clear, FSR<4> 
points to the lower 16 register files and, when set, 
points to the upper 16 files. FSR<3:0> provide the 
value to address the specific register file within each 16 
file area. 


When not performing indirect addressing, the FSR can 
be used as a 5-bit (FSR<4:0>) wide general purpose 
register. However, this is not recommended to help 
ensure future upward code compatibility. 


PIC16C54A: Does not use banking. FSR<7:5> are 
unimplemented and read as ‘1's. 


PIC16C57A/C58A/CRS58A: FSR<6:5> are the bank 
select bits and are used to select the bank to be 
addressed (00 = bank 0, 01 = bank 1, 10 = bank 2, 
11 = bank 3). The lower 16 register files for banks 1, 2 
and 3 are mapped to bank 0, and are not accessible. In 
other words, the FSR<6:5> bits are ignored if FSR<4> 
is clear (= 0). FSR<7> is unimplemented and is always 
read as '1'. 


Indirect Addressing 


6 FSR 0 
Need i 
bank select | 


location select 


Bank 3 


2: RP1 and RPO are FSR<6> and FSR<5>, respectively. 
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4.6 Program Counter 


The program counter generates the addresses for up to 
2048 x 12 on-chip EPROM/ROM cells containing the 
program instruction words (Figure 4-1). 


Depending on the device type, the program counter 
and its associated two-level hardware stack is 9 or 
11-bits wide. | 


TABLE 4-2: PROGRAM COUNTER STACK 


WIDTH 
Stack width 
| Obit 


| Part# =| PC width 
PIC16C54A | Obit | 

[PICi6ecssA/CR58A__ | 11-bit | 11-bit 
The program counter is set to all'1's upon RESET. Dur- 
ing program execution it is auto incremented with each 


instruction unless the result of that instruction changes 
the PC itself. | 


a) GOTO instructions allow the direct loading of the 
lower nine program counter bits (PC<8:0>). In 
the case where the program memory is greater 
than 512 bytes, the upper two bits of PC 
(PC<10:9>) are loaded with page select bits 
PA1:PAO (STATUS<6:5>). Thus, GOTO allows 
jumps to any location on any page. 


b) CALL instructions load the lower 8-bits of the PC 
directly, while the ninth bit is cleared to '0'. The 
PC value, incremented by one, will be pushed 
into the stack. In cases where the program 
memory is greater than 512 bytes, the upper 
2-bits of PC (PC<10:9>) are loaded with page 
select bits PA1:PAO (STATUS<6:5>). 

Cc) RETLW instructions load the PC with the Top of 
Stack (TOS) contents. 


d) lf the PC is the destination in any instruction 
(e.g. MOVWF PC, ADDWF PC, or BSF PC,5) 
then the computed 8-bit result will be loaded into 
the lower 8-bits of program counter. The ninth bit 
of PC will be cleared. In case where the pro- 
gram memory is greater than 512 bytes, 
PC<10:9> will be loaded with Page Select bits 
PA1, PAO (STATUS<6:5>). 


It should be noted that because bit8 (ninth bit) of the PC 
is cleared in the CALL instruction or any instruction 
which writes to the PC (e.g. MOVWF Pc). All subroutine 
calls or computed jumps are limited to the first 256 loca- 
‘tions of any program memory page (512 words long). 
















Incrementing the PC when it is pointing to the last 
address of a selected memory page is also possible 
and will cause the program to continue in the next 
higher page. However, the page preselect bits in the 
STATUS register will not be changed, and the next 
GOTO, CALL, ADDWF PC, or MOVWF PC instruction will 
return to the previous page, unless the page preselect 
bits have been updated under program control. For 
example, an NoP at location 1FFh (page 0) increments 


the PC to 200h (page 1). AGOTO xxx at 200h will 
return the program to address “xxx” on page 0 
(assuming that PA1 and PAO are clear). 


Upon RESET, page 0 is pre-selected while the PC 
addresses the last location in the last page. Thus, a 
GOTO instruction at this location will automatically 
cause the program to continue in page 0. 


4.7 | W(Working) Register | 


The W register holds the second operand in two oper- 
and instructions and/or supports the internal data trans- 
fer. 


TABLE 4-3: EVENTS AFFECTING TO/PD 


STATUS BITS 


Event | TO 


WDT Timeout Poors 


CLRWDT instruction 


AWDT timeout will occur regardless of the status of the 
TO bit. A SLEEP instruction will be executed, regard- 
less of the status of the PD bit. Table 4-4 reflects the 
status of TO and PD after the corresponding event. 


47.1 TIME-OUT AND POWER-DOWN STATUS 
BITS (TO, PD) 


The TO and PD (STATUS<4:3>) can be tested to deter- 
mine if a RESET condition has been caused by a 
Watchdog Timer time-out, a power-up condition, or a 
wake-up from SLEEP by the Watchdog Timer or MCLR 
VPP pin. | 


These STATUS bits are only affected by events listed in 
Table 4-3. | 












Remarks | 


ee aa 
|_x _|No effect on PD _ 
en ae 
el ry 











TO/PD STATUS AFTER 
RESET 


RESET was caused by | 


WDT wake-up from SLEEP | 
WDT time-out (not during SLEEP) 


TABLE 4-4: 


CLR wake-up from SLEEP 





u__|{= Low pulse on MCLR input 


The TO and PD bits maintain their status (u) until an 
event of Table 4-3 occurs. A low-pulse on the MCLR 
input does not change the TO and PD status bits. 
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5.0 l/OPORTS 


As with any other register the I/O registers can be writ- 
ten and read under program control. However, read 
instructions (e.g. MOVF PORTB, W) always read the I/O 
pins independent of the pin’s input/output mode. Ona 
RESET, all I/O ports are defined as input (outputs are 
at hi-impedance) as the I/O control registers (TRISA, 
TRISB, TRISC) are all set. 


5.1 PORTA 


PORTA is a 4-bit I/O register. Only the low order 4-bits 
are used (RA3:RAO). Bits 7:4 are unimplemented and 
read as '0's. 


5.2 PORTB 
PORTB is an 8-bit I/O register (PORTB<7:0>). 
5.3 PORTC 


PIC16CR57A: 8-bit I/O register. 
PIC16C54A/C58A/CR5B8A: General purpose register. 


5.4 TRIS Registers 


The output driver control registers are loaded with the 
content of the W register by executing the TRIS f 
instruction. A '1' in any TRIS register bit puts the corre- 
sponding output driver in a hi-impedance mode. A '0' 
puts the contents of the output data latch on the 
selected pins. 





(output drivers disabled) upon RESET. 


5.5 V/O Interfacing 


The equivalent circuit for an I/O port pin is shown in 
Figure 5-1. All ports may be used for both input and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction (e.g. MOVF PORTB, WwW). The outputs 
are latched and remain unchanged until the output 
latch is rewritten. To use a port pin as output, the corre- 
sponding direction contro! bit (in TRISA, TRISB, 
TRISC) must be cleared (= '0'). For use as an input, the 
corresponding TRIS bit must be set (= '1'). Any I/O pin 
can be programmed individually as input or output. 


FIGURE 5-1: EQUIVALENT CIRCUIT FOR A SINGLE I/O PIN 


To Data Bus 


From D 
W Register /O 
Control 
Latch 


TRIS 'f 


Reset 


Note: I/O pins have protection diodes to VDD and Vss. 
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5.6 //O Programming Considerations 


5.6.1. BI-DIRECTIONAL I/O PORTS” 


Some instructions operate internally as read followed 
by write operations. The BCF and BSF instructions, for 
example, read the entire port into the CPU, execute the 
bit operation and writes the result to the location speci- 
fied. Caution must be used when these instructions are 
applied to a port where one or more pins are used as 
input/outputs. For example, a BSF operation on bit5 of 
PORTB will cause all eight bits of PORTB to be read 
into the CPU. Then the BSF operation takes place on 
bits and the PORTB value is written to the output 
latches. If another bit of PORTB is used as a bi-direc- 
tional I/O pin (say bitO) and it is defined as an input at 
this time, the input signal present on the pin itself would 
be read into the CPU and rewritten to the data latch of 
this particular pin, overwriting the previous content. As 
long as the pin stays in the input mode, no problem 
occurs. However, if bitO is switched into output mode 
later on, the contents of the data latch may now be 
unknown. 


Example 5-1 shows the effect of two sequential read- 
modify-write instructions (e€.g., BCF, BSF) on an I/O 
port. 


A pin actively outputting a ‘0’ or '1' should not be driven 
from external devices at the same time in order to 
change the level on this pin (“wired-or’, “wired-and”). 
The resulting high output currents may damage the 
chip. 


FIGURE 5-2: SUCCESSIVE /O OPERATION 





‘ QI] Q2] Q3] Q4° Q1] Q2] Q3j Q4: Q1] Q2} Q3]Q4° Q1] Q2} Q3} Q4: 


PC \_PGa1 XO POY PC+3 


i eeechoy  MOVWF PORTB ‘MOVF PORTB,W 


PORTB : 


RB7:RBO ee ee ee ee ee 


hoon pin 
. sampled here 


rection. MOVWE PORTB ‘MOVE PORTB,W 


write to NOP 


PORTB 
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write to , : NOP 


EXAMPLE 5-1: READ-MODIFY-WRITE 
INSTRUCTIONS ON AN I/O 
PORT 


; Initial PORT Settings 

;  PORTB<7:4> Inputs 

: PORTB<3:0> Outputs 

; PORTB<7:6> have external pull-ups and are not 
; connected to other circuitry 

: PORT latch PORT pins 


BCF PORTB, 7 
BCF PORTB, 6 


; Olpp pppp lipp pppp 
BSF  STATUS,RPO =; 


10pp pppp llpp pppp 


MOVLW 03Fh 
TRIS PORTB 10pp pppp 10pp pppp 
;Note that the user may have expected the pin 
; values to be OOpp pppp. The 2nd BCF caused 


;RB7 to be latched as the pin value (High). 


5.6.2 SUCCESSIVE OPERATIONS ON I/O 
PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 5-2). Therefore, care must be exercised if a 
write followed by a read operation is carried out on the 


same I/O port. The sequence of instructions should 


allow the pin voltage to stabilize (load dependent) 
before the next instruction, which causes that file to be 
read into the CPU, is executed. Otherwise, the previous 
state of that pin may be read into the CPU rather than 
the new state. When in doubt, it is better to separate 
these instructions with an NOP or another instruction not 
accessing this I/O port. 


Note: 


This example shows a write to PORTB 
followed by a read from PORTB. 


NOP Note that: 
data setup time = (0.25 Tcy - Tpp) 
where TCY = instruction cycle. 
TPD = propagation delay 


Therefore, at higher clock frequencies, 
a write followed by a read may be problematic. 
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6.0 TIMERO(TMRO) MODULE 


The TMRO module has the following features: 


¢ 8-bit timer/counter 

e Readable and writable 

¢ 8-bit software programmable prescaler 
e Internal or external clock select 

e Edge select for external clock 


Figure 6-1 is a simplified block diagram of the TMRO 
module, while Figure 6-2 shows the electrical structure 
of the TMRO input. 


Timer mode is selected by clearing the TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, increment is inhibited for the following 
two cycles (Figure 6-3 and Figure 6-4). The user can 
work around this by writing an adjusted value to the 
TMRO module. 


Counter mode is selected by setting the TOCS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin TOCKI. The incre- 
menting edge is determined by the TO source edge 


FIGURE 6-1: TMRO BLOCK DIAGRAM 


TOCKI 
pin 


> 


Fosc/4 


Prescaler 
TOSE 


PS2, PS1, PSO 


TOCS 
Note 1: 


Program mable | 





select bit TOSE (OPTION<4>). Clearing the TOSE bit 
selects the rising edge. Restrictions on the external 
clock input are discussed in detail in Section 6.1. 


The prescaler is shared between the TMRO module 
and the WDT. The prescaler assignment is controlled 
in software by control bit PSA (OPTION<3>). Setting 
the PSA bit will assign the prescaler to the WDT and 
cause the prescale for TMRO to be 1:1. Clearing the 
PSA bit will assign the prescaler to TMRO. The pres- 
caler is neither readable nor writable. When the pres- 
caler is assigned to the TMRO module, prescale values 
of 1:2, 1:4, ..., 1:256 are selectable. Section 6.2 details 
the operation of the prescaler. 


Data bus 


Sync with 
Internal 
clocks 


(2 cycle delay) 


PSA 


Bits TOCS, TOSE, PSA, PS2, PS1 and PSO are located in the OPTION register. 


2: The prescaler is shared with the Watchdog Timer (Figure 6-6). 


FIGURE 6-2: 





ELECTRICAL STRUCTURE OF THE TOCKI PIN 


Schmitt Trigger 


Input Buffer 
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6.1. Using TMRO with External Clock 


When an extemal clock input is used for TMRO, it must 
meet certain requirements to be able to synchronize 
with the internal phase clock (Tosc). Also, there is a 
delay in the actual incrementing of TMRO after synchro- 
nization. | 


6.1.1 EXTERNAL CLOCK SYNCHRONIZATION 


When no prescaler is used, the extemal clock input is 
the same as the prescaler output. Synchronizing 
TOCKI with the internal phase clocks requires sampling 
the prescaler output on the Q2 and Q4 cycles of the 
intemal phase clocks (see Figure 6-5). Therefore, it is 
necessary for TOCKI to be high for at least 2 Tosc (plus 
a small RC delay) and low for at least 2 Tosc (plus a 


small RC delay). Refer to the appropriate electrical. 


specification table. 


When a prescaler is used, the external clock input is 
divided by the asynchronous ripple-counter type pres- 
caler to ensure that the prescaler output is symmetrical. 
For the external clock to meet the sampling require- 
ment, the ripple counter must be taken into account. 
Therefore, it is necessary for TOCKI to have a period of 
at least 4 Tosc (plus a small RC delay) divided by the 
prescaler value. The only limitation on TOCKI high and 
low time is that they are greater than the minimum 
pulse width requirement of 10 ns. Referto parameters 
40, 41 and 42 in the appropriate electrical specification 
section. 


FIGURE 6-3: 


6.1.2 ©TMRO INCREMENT DELAY 


Since the prescaler output is synchronized with the 
intemal clocks, there is a small delay from the time the 
external clock edge occurs to the time the TMRO mod- 
ule is actually incremented. Figure 6-5 shows the 
delay from the external clock edge to the timer incre- 
menting. 


6.2 Prescaler 


An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
Timer (Section 6.2.1).. For simplicity, this counter is 
being referred to as “prescaler’ throughout this data 
sheet. Note that there is oniy one prescaler available 
which is mutually exclusive between the TMRO module 
and the Watchdog Timer. Thus, a prescaler assign- 
ment for the TMRO module means that there is no pres- 
caler for the Watchdog Timer, and vice-versa. 


The PSA and PS2:PS0 bits (OPTION<3:0>) determine 
the prescaler assignment and prescale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 1, MOVWF 1, 
BSF 1,x ....etc.) will clear the prescaler. When 
assigned to the WDT, a CLRWDT instruction will clear 
the prescaler along with the WDT. The prescaler is nei- 
ther readable or writable. On a reset, the prescaler 
contains all ‘O's. 


TMRO TIMING: INTERNAL CLOCK/NO PRESCALE 


al Q2/ Q3| Q4, Q1| Q2| Q3| ie plac hee eto. Q2| Q3] Q4; Q1| Q2/ Q3} Sell Q2] QA Q4; Q1| Q2] Q3| Q4; Q1| Q2/Q3] Q4; 
ounter) a 5) SAS SS NS) S269 SD N= SE AI OD CM 3° PS 0: RD 


(Program 


Instruction : 
t 


TMRO 


Instruction : 
Executed 


FIGURE 6-4: 


MOVWF TMROMOVF TMRO, WMOVF TMRO, WMOVF TMRO, WMOVF TMRO, WMOVF TMRO, w 


‘Write TM Ro Read TMRO! Read TM Ro! Read TMRO ' Read TMRO ' Read TMRO ' 
executed reads NTO 


reads NTO reads NTO reads NTO +1 reads NTO + 2 





TMRO TIMING: INTERNAL CLOCK/PRESCALE 1:2 


, Q1| Q2| Qa Q4; Q1| sie Q4,Q1| i Qa ai bunts Qa Q4;Q1| is QA Q4/Q1| Q2| QB Q4; Q14] Q2| QB Q4; Q1| Q2| Qa] Q4; 


Progam , 


ounter) (POT FPO DPT IPPC POE POS POE 


Instruction 
Fetch 


4 
t 
t 
4 4 
1 


1 
i] 
1 
4 


TMRO U SSS: $5 KE SED, GL ESSA UR 1 + FEE OOO, OUR 1 


Instruction '' ' 





MOVWF TMROMOVF TMRO, WMOVF TMRO, WMOVF TMRO, WMOVE TMRO, WMOVF TMRO, Ww 


; ; | Write TMRO Read TM Ro’ Read TM Ro' Read TM Ro ' Read TM RO Read TMRO ! 
Execute executed reads NTO 


reads NTO reads NTO reads NTO reads NTO + 1 


hierniana meneame oe mmo mnneemer em etem eer indenbee inn mneendlmnaeeemmmeeniiie 
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FIGURE 6-5: TMROTIMING WITH EXTERNAL CLOCK 


Q1} Q2! Q3! Q4 | Q1] Q2I Q3] Q4 | Q1! Q2I Q3! Q4 | Q1] Q2! Q3l Q4 
External Clock input or Small pulse 


Prescaler out (Note 2) \A\\\\\ AAA misses sampling 


External Clock/Prescaler a (Note aT 
output after sampling =, 
0 


Increment TMRO (Q4) 


TMRO 


Delay from clock input change to TMRO increment is 3 Tosc to 7 Tosc. (Duration of Q = Tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 Tosc max. 
: External clock if no prescaler selected, Prescaler output otherwise. 
: The arrows 7 indicate the points in time where sampling occurs. 





FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 


Tcy (= Fosc/4) Data Bus 


8-to - 1 MUX PS2:PS0 


WDT Enable bit 


WDT 
Time-out 


Note: TOCS, TOSE, PSA, PS2:PS0 are bits OPTION<6:0>. 
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6.2.1. SWITCHING PRESCALER ASSIGNMENT 


The prescaler assignment is fully under software con- 
trol, i.e., it can be changed “on the fly” during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence (Example 6-1) must be 
executed when changing the prescaler from TMRO to 
WDT. : 


EXAMPLE 6-1: CHANGING PRESCALER 


(TMRO>WDT) 
CLRF TMRO ;Clear TMRO 
CLRWDT ;Clears WDT and 
;prescaler 
MOVLW ‘'xxxx1lxxx'b ;Select new prescale 
OPTION :value 


To change the prescaler from the WDT to the TMRO 
module use the sequence shown in Example 6-2. This 
sequence must be used even if the WDT is disabled. 


Note that a CLRWDT instruction should be executed 
before switching the prescaler. 


TABLE 6-1: 








SUMMARY OF TMRO REGISTERS 


ametion | era 


TMRO Timer/counter register 


OPTION Configuration and prescaler assignment bits for TMRO. 
(Figure 4-4) 


Legend: x = unknown, - = unimplemented, reads a '0'. 





EXAMPLE 6-2: CHANGING PRESCALER 


_ (WDT->TMRO) 
CLRWDT ;Clear WDT and 
;prescaler 


MOVLW 'xxxx0xxx'b ;Select TMRO, new 
;prescale value and 
;clock source 
OPTION 









Power-On Reset 
Value 








Sea toad 





Note 1: For reset values of registers in other reset situations refer to Table 4-1. 


TABLE 6-2: 


OPTION | 


Legend: — = Unimplemented locations, Read as '0'. 





Note 1: Shaded cells are not used by the TMRO module. 


REGISTERS ASSOCIATED WITH TMRO 
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7.0 SPECIAL FEATURES OF THE 
CPU 


What sets a microcontroller apart from other proces- 
sors are special circuits to deal with the needs of real 
time applications. The PIC16C5X family of microcon- 
trollers has a host of such features intended to maxi- 
mize system reliability, minimize cost through 
elimination of external components, provide power sav- 
ing operating modes and offer code protection. These 
features are: 


e OSC selection 

e Reset 

e Power-On Reset (POR) 

e Device Reset Timer (DRT) 

e Watchdog Timer (WDT) 

e SLEEP 

e Code protection 

¢ ID locations 

The PIC16C5X has a watchdog timer which can be 
shut off only through configuration bit WDTE. It runs off 
of its own RC oscillator for added reliability. There is an 
18 ms Device Reset Timer (DRT), intended to keep the 
chip in reset until the crystal oscillator is stable. With 


the timer on-chip, most applications need no external 
reset circuitry. 


The SLEEP mode is designed to offer a very low cur- 
rent power-down mode. The user can wake from 
SLEEP through extemal resets or through a WDT 
time-out. Several oscillator options are also available 
to allow the part to fit the application. The RC oscillator 
option saves system cost while the LP crystal option 
saves power. A set of configuration _ bits 
(FOSC1:FOSCO) are used to select various options. 


7.1 Configuration Bits 


The configuration word consists of 4 or 12 bits depend- 
ing on the device configuration. Configuration bits can 
be programmed to select various device configurations. 
Two provide for the selection of the oscillator type 
(FOSC1:FOSCO), one is the Watchdog Timer enable 
bit (WDTE), and one is the code protection bit (CP). 


FIGURE 7-1: CONFIGURATION WORD FOR THE PIC16C54A/PIC16CR57A/PIC16C58A 


Register: CONFIG | For specifics refer to the PIC16C5X 


Programming Specification 


—{ CP | WDTE} FOSC1] FOSCO 





FOSC1:FOSCO: OSC selection bit 
11: RC oscillator 
10: HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: WDT enable bit 
1 = WDT enabled 
0 = WDT disabled 


CP: Code Protect bit 
1 = Code Protect Off 
0 = Code Protect On 


Unimplemented 
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FIGURE 7-2: CONFIGURATION WORD FOR THE PIC16CR58A 


Register: CONFIG | For specifics refer to the PIC16C5X 
Programming Specification 


FOSC1:FOSCO: OSC selection bits 
11 : RC oscillator 
10: HS oscillator 
! | | . 01 : XT oscillator 
00 : LP oscillator 
WDTE: WDT enable bit 


1 = WDT enabled 
0 = WDT disabled 


CP: Code Protect bit (Note 1) 
1 = Code Protect Off 
0 = Code Protect On 


Note 1: All bits must be cleared to enable code protect. 
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7.2 Oscillator Configurations 
7.2.1 OSCILLATOR TYPES 


The PIC16C5X can be operated in four different oscil- 
lator modes. The user can program two configuration 
bits (FOSC1:FOSCO) to select one of these four 
modes: 


e LP: Low Power Crystal 
© XT: Crystal/Resonator 
e HS: High Speed Crystal/Resonator 
« RC. Resistor/Capacitor 


7.2.2 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS 


In XT, LP or HS modes a crystal or ceramic resonator 
is connected to the OSC1/CLKIN and OSC2/CLKOUT 
pins to establish oscillation (Figure 7-3). The 
PIC16C5X oscillator design requires the use of a paral- 
lel cut crystal. Use of a series cut crystal may give a fre- 
quency out of the crystal manufacturers specifications. 
When in XT, LP or HS modes, the device can have an 
external clock source drive the OSC1/CLKIN pin. 
(Figure 7-4). 


FIGURE 7-3: CRYSTAL /CERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP OSC 


CONFIGURATION) 


PIC16C5X 


See Table 7-1 and Table 7-2 for recommended val- 
ues of C1 and C2. 


Note 1: Aseries resistor may be required for AT 
strip cut crystals. 





FIGURE 7-4: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 


OSC MODE) 


Clock from OSC1 


ext. system PIC16C5X 


Open OSC2 





TABLE 7-1: | CAPACITOR SELECTION 


FOR CERAMIC RESONATORS 


Osc_ | Resonator | Cap. Range | Cap. Range 
ae | Freq. | ee eee C2 






455 kHz | 22-100pF | 22-100 pF 
2.0 MHz 15-68 pF 15-68 pF 
4.0 MHz 15-68 pF 15-68 pF 


8.0 MHz 10-68 pF 10-68 pF 
16.0 MHz 10-22 pF 10-22 pF 


These values are for design guidance only. Since 
each resonator has its own characteristics, the user 
should consult the resonator manufacturer for appro- 
priate values of external components. 


TABLE 7-2: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 


Osc | Resonator | Cap. Range | Cap. Range 
=e | Freq. | ae | 2 
32 32 kHzt | 33-68 33-68 pF 33-68 pF pF 
200 kHz 15-47 pF 15-47 pF 









100 kHz | 47-100pF | 47-100 pF 
2 MHz 15-33 pF 15-33 pF 
4 MHz 10-33 pF 10-33 pF 


8 MHz 15-47 pF 15-47 pF 
20 MHz 15-47 pF 15-47 pF 
t For Vop > 4.5V, C1 = C2 = 30 pF is recommended. 


These values are for design guidance only. Rs may 
be required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specification. 
Since each crystal has its own characteristics, the 
user should consult the crystal manufacturer for 
appropriate values of external components. 
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7.2.3 EXTERNAL CRYSTAL OSCILLATOR. 
CIRCUIT 


A prepackaged oscillator can be used or a simple oscil- 
lator circuit with TTL gates can be built. Prepackaged 
oscillators provide a wide operating range and better 
stability. A well-designed crystal oscillator will provide 
good performance with TTL gates. Two types of crystal 
oscillator circuits can be used; one with series reso- 
nance, or one with parallel resonance. 


Figure 7-5 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the fun- 
damental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a par- 
allel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 10 kQ potenti- 
ometers bias the 74AS04 in the linear region. This cir- 
cuit could be used for external oscillator designs. 


FIGURE 7-5: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices 


PIC16C5X 


XTAL 


LU 
20 pF i 20 pF 


Figure 7-6 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre- 
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 330Q resistors provide the negative feed- 
back to bias the inverters in their linear region. 


FIGURE 7-6: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 


Devices piciecsx 











7.2.4 RC OSCILLATOR 


For timing insensitive applications the RC device option 
offers additional cost savings. RC oscillator frequency 
is a function of the supply voltage, the resistor (Rext) 
and capacitor (Cext) values, and the operating temper- 
ature. In addition to this, the oscillator frequency will 
vary from unit to unit due to normal process parameter 
variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect the 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 7-7 shows how the R/C combination is con- 
nected to the PIC16C5X. For Rext values below 
2.2 kQ, the oscillator operation may become unstable, 
or stop completely. For very high Rext values (e.g. 
1 MQ) the oscillator becomes sensitive to noise, humid- 
ity and leakage. Thus, we recommend keeping Rext 
between 3 kQ and 100 kQ. | 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small extemal capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
capacitances, such as PCB trace capacitance or pack- 
age lead frame capacitance. 


See Section 9.0 for RC frequency variation from part to 
part due to normal process variation. The variation is 
larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). 


See Section 9.0 for variation of oscillator frequency due 
to VDD for given Rext/Cext values as well as frequency 
variation due to operating temperature for given R, C, 
and VDD values. 


The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur- 
poses or to synchronize other logic. 


FIGURE 7-7: RC OSCILLATOR MODE 


PIC16C5X 


L 


Fosc/4 
OSC2/CLKOUT 
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7.3 Reset 


The PIC16C5X differentiates between various kinds of 
resets: 


¢ Power-On Reset (POR) 

e MCLR reset during normal operation 
e MCLR reset during SLEEP 

¢ WDT time-out reset 


Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in all 
other resets. Most other registers are reset to a “reset 
state” on Power-On Reset (POR), MCLR or a WDT 
reset . Note that the PIC16C5X does not differentiate 
between a WDT reset during SLEEP or during normal 
operation. The TO and PD bits are set or cleared 
depending upon the reset situation (Table 7-3). These 
bits may be used to determine the nature of the reset. 
See Table 7-5 for a full description of reset states of all 
registers. 


Figure 7-8 shows the simplified block diagram of the 
on-chip reset circuit. 


7.4 Power-On R t (POR) an 
Device-Reset Timer (DRT) 


7.4.1. POWER-ON RESET (POR) 


The PIC16C5X family incorporates an_ on-chip 
Power-On Reset (POR) circuitry which provides an 
intemal chip reset for most power-up situations. To use 
this feature the user merely needs to tie the MCLRYVeP 


pin to VpD. Figure 7-15 shows the electrical structure of 
TMRO inputs. The Power-On Reset circuit and the 
Device Reset Timer circuit are closely related. On 
power-up the reset latch is set and the DRT is reset. 
The DRT timer begins counting once it detects MCLR 
to be high. After the time-out period, which is typically 
18 ms, it will reset the reset-latch and thus end the 
on-chip reset signal. 


Figure 7-9 and Figure 7-10 are two power-up situations 
with relatively fast rise time on VOD. In Figure 7-9, VDD 
is allowed to rise and stabilize before bringing MCLR 
high. The chip will actually come out of reset (TORT 
msec) after MCLR goes high. In Figure 7-10, the 
on-chip Power-On Reset feature is being used (MCLR 
and VDD are tied together). VDD is stable before the 
start-up timer times out and there is no problem in get- 
ting a proper reset. Figure 7-11 depicts a potentially 
problematic situation where VDD rises too slowly. In 
this situation, when the start-up timer times out, VOD 
has not reached the VpbD (min) value and the chip is, 
therefore, not guaranteed to function correctly. 





To summarize, the on-chip POR is guaranteed to work 
if the rate of rise of VDD is no slower than 0.05V/ms, and 
VDD starts from OV. The on-chip POR time delay is too 
short for low frequency crystals which require much 
longer than 18 ms to start-up and stabilize. For such 
situations, we recommend that external RC circuits be 
used to achieve longer POR delay times. 


FIGURE 7-8: ON-CHIP RESET CIRCUIT BLOCK DIAGRAM 


Re Power-Up 
Detect 
POR (Power-On Reset) 


Xx 


On-Chip 
RC OSC 


MCLR/VpP pin 





8-bit Async 
Ripple Counter 
(Start-up Timer 


CHIP RESET 
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74.2 DEVICE RESET TIMER (DRT) 


The Device Reset Timer provides a fixed 18 ms nomi- 
nal time-out on RESET. The Device Reset Timer oper- 
ates with an internal RC oscillator. The processor is 
kept in RESET as long as the DRT is active. The DRT 
delay allows VDD to rise above Vpp min., and allows the 
oscillator to stabilize. 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. The on-chip DRT keeps the device in 
a RESET condition for approximately 18 ms after the 
voltage on the MCLR/Vpp pin has reached a logic high 
(VIHMC) level. Thus, external RC networks connected to 
the MCLR input are not required in most cases, allow- 
ing for savings in cost-sensitive and/or space restricted 
applications. 


The Device Reset time delay will vary from chip to chip 
and due to VDD, temperature, and process variation. 


The DRT will also be triggered upon a WDT time-out. 
This is particularly important for applications using the 
WDT to waken the PIC16C5X from SLEEP automati- 
cally. Ps ut AS 


TABLE 7-4: 









RESET CONDITIONS FOR SPECIAL REGISTERS 





Condition | STATUS PCL 
| _ Addr:03h = | Addr: 02h © 


Legend: u = unchanged, x = unknown, - = unimplemented read as 'O'. 


74.3 TIME-OUT SEQUENCE 


Table 7-4 lists the reset conditions for:the special func- 
tion registers while Table 7-5 lists the reset conditions 
for all the registers. ; 


TABLE 7-3: TO/PD STATUS AFTER | 
RESET 7 


[0 |WDT wake-up from SLEEP 
| 0 |MCLR wake-up from SLEEP | 
Power-up 

















The TO and PD bits maintain their status (u) until a 
reset occurs. A low-pulse on the MCLR input does 
not change the TO and PD status bits. 























= P40 es 


Note 1: The TO and PD bits retain their last value until one of the other reset conditions occur. 


2: The CLRWDT instruction will set the TO and PD bits 


TABLE 7-5: 












Register 








FSR a 


--~- XXXX 


4h 
5h 
Th 


XXAXX XXKXX uuuu uuuu 


RESET CONDITIONS FOR ALL REGISTERS 


oe eS oe BE 1111 1111 


aatt 4414 
PCL 4 AVTE Tad iit ait 


0001 Ixxx 









~-11 1111 





000? ?uuu (1) 







Legend: u =unchanged, x = unknown, - = unimplemented readas'0', ?=value depends on condition. 


Note 1: See Table 7-4 for reset value for specific conditions. 
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FIGURE 7-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpb): Case 1 


NOS? See 


MCLR 


INTERNAL POR 


DRT TIME-OUT 


INTERNAL RESET 


Vop 


MCLR 


INTERNAL POR 


DRT TIME-OUT 


INTERNAL RESET ee 


MCLR 


INTERNAL POR 


DRT TIME-OUT : 
INTERNAL RESET | 
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FIGURE 7-12: EXTERNAL POWER-ON | FIGURE 7-13: BROWN-OUT PROTECTION 
RESET CIRCUIT (FOR SLOW CIRCUIT 1. 
Vop POWER-UP) 


MCTR 
PIC16C5X 


Note 1: External Power-On Reset circuit is required 
only if VDD power-up is too slow. The | 
diode D helps discharge the capacitor 
quickly when VDD powers down. 

: R< 40 kQ is recommended to make sure 
that voltage drop across R does not 
exceed 0.2V (max leakage current spec on 
MCLR pin is 5 pA). A larger voltage drop 
will degrade VIH level on the MCLR/Vep 
pin. 

> R1 = 100 to 1 kQ will limit any current 
flowing into MCLR from external capacitor 
C in the event of MCLR/VPprP pin breakdown 
due to ESD or EOS. 


This circuit will activate reset when VoD goes below Vz + 
0.7V (where Vz = Zener voltage). 





FIGURE 7-14: BROWN-OUT PROTECTION 
CIRCUIT 2 





MCLR 


PIC16C5X 


This brown-out circuit is less expensive, although 
less accurate. Transistor Q1 turns off when VDD 
is below a certain level such that: 


R1 


poms OT 
VOD* —aT TR 


FIGURE 7-15: ELECTRICAL STRUCTURE OF THE MCLR/Vpp AND TOCKI PINS 


MCLR/VeP Schmitt Trigger 


and Input Buffer 
TOCKI pins 
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7.5 Watchdog Timer (WDT) 


The watchdog timer is realized as a free running 
on-chip RC oscillator which does not require any exter- 
nal components. This RC oscillator is separate from the 
RC oscillator of the OSC1/CLKIN pin. That means that 
the WDT will run even if the clock on the OSC1/CLKIN 
and OSC2/CLKOUT pins of the device have been 
stopped (i.e., by executing the SLEEP instruction). Dur- 
ing normal operation a WDT time-out generates a 
device RESET. If the device is in SLEEP mode, a WDT 
time-out causes the device to wake-up and continue 
with normal operation. The WDT can be permanently 
disabled by programming the configuration bit WDOTE 
as a '0' (Section 7.1). 


7.5.1. WDT PERIOD 


The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). These periods vary with temperature, 
VDD and process variations from part to part (see DC 
specs). lf longer time-out periods are desired, a pres- 


caler with a division ratio of up to 1:128 can be assigned 
to the WDT (under software control) by writing to the 
OPTION register. Thus, time-out periods up to 2.3 sec- 
onds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler (if assigned to the WDT) and pre- 
vent it from timing out and generating a device RESET. 


The TO bit (STATUS<4>) will be cleared upon a WDT 
time-out. 
7.5.2 | WDT PROGRAMMING CONSIDERATIONS 


At worst case conditions (VDD = Min., Temperature = 
Max., max. WDT prescaler) it may take several sec- 
onds before a WDT time-out occurs. 


FIGURE 7-16: WATCHDOG TIMER BLOCK DIAGRAM 


From TMRO Clock Source 
(Figure 6-6) 


WDT Enable 
EPROM Fuse 


Note: PSA and PS2:PS0 are bits in the OPTION register. 





TABLE 7-6: 


Config. Word 


OPTION | 


To TMRO (Figure 6-6) 


WDT 
Time-out 


SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER 





Note 1: CP7:CP4 are used by the PIC16CCR58A only. Unused in all other devices. 
2: Shaded cells are not used by the Watchdog Timer. 
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7.6 Power-Down Mode (SLEEP) 


The Power-Down mode is entered by executing a 
SLEEP instruction. | 


If enabled, the Watchdog Timer will be cleared but 
keeps running, the TO bit (STATUS<4>) is set, the PD 
bit (STATUS<3>) is cleared, and the oscillator driver is 
turned off. The I/O ports maintain the status they had 
before the SLEEP instruction was executed (driving 
high, driving low, or hi-impedance). 


it should be noted that a RESET generated by a WDT 
time-out does not drive the MCLR/VPP pin low. 


For lowest current consumption while powered down, 
the TOCKI input should be at VDD or Vss and the 
MCLR/VppP pin must be at a logic high level (VIHMCc). 


7.6.1 WAKE-UP FROM SLEEP 


The device can wake from SLEEP through one of the 
following events: 


1. An external reset input on the MCLR/VPP pin. 
2. AWDT time-out reset (if WDT was enabled). 


Both of these events cause a device reset. The TO and 
PD bits can be used to determine the cause of device 
reset. The TO bit is cleared if a WDT time-out occurred 
(and caused wake-up). The PD bit, which is set on 
power-up, is cleared when SLEEP is invoked. 


The WDT is cleared when the device wakes from 
SLEEP, regardless of the wake-up source. 





(a4 Code Protection 


The code in the program memory can be protected by 
clearing the code protect bits. 


In code protected mode, the configuration word will not 
be protected, allowing reading of all bits. 


7.74 PIC16C54A, PIC16CR57A AND PIC16C58A 


Once code protected, all memory locations read out in 
a scrambled fashion. For EPROM devices, program 
memory locations 40h and above cannot be further pro- 
grammed. However, the first 64 locations, 00h - 3Fh, 
may be programmed. These locations are not consid- 
ered secure. | 


7.7.2 PIC1I6CR58A 


In a protected device, program memory locations 
00h-3Fh read out normally. Locations 40h and higher 


~ cannot be read out. 


7.8 ID Locations 


Four memory locations are designated as ID locations 
where the user can store checksum or other code-iden- 
tification numbers. These locations are not accessible 
during normal execution but are readable and writable 
during program/verify. 


Use only the lower 4-bits of the ID locations and always 
program the upper 8-bits as '1's. 
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8.0 INSTRUCTION SET SUMMARY 


Each PIC16C5xX instruction is a 12-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16C5X instruction set 
summary in Table 8-2 groups the instructions into 
byte-oriented, bit-oriented, and literal and control oper- 
ations. 


For byte-oriented instructions, ‘f' represents a file reg- 
ister designator and ‘d' represents a destination desig- 
nator. The file register designator is used to specify 
which one of the 32 file registers is to be used by the 
instruction. (For the Enhanced PIC16CR57A, 
PIC16C58A and the PIC16CR58A, bits 6 and 5 in the 
FSR register determine the selected register bank.) 


The destination designator specifies where the result of 
the operation is to be placed. If ‘d' is '0', the result is 
placed in the W register. If ‘d' is ‘1’, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, ‘b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while '‘f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an 8- 
or 9-bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the pro- 
gram counter is changed as a result of an instruction. In 
this case, the execution takes two instruction cycles. 
One instruction cycle consists of four oscillator periods. 
Thus, for an oscillator frequency of 4 MHz, the normal 
instruction execution time is 1 usec. If a conditional test 
is true or the program counter is changed as a result of 
an instruction, the instruction execution time is 2 usec. 


TABLE 8-1: OPCODE FIELD 


DESCRIPTIONS 


Field Description 


Register file address (0x00 to 0x7F) 
Working register (accumulator) 

Bit address within an 8-bit file register 
Literal field, constant data or label 


Don't care location (= 0 or 1) 

The assembler will generate code with x = 0. 
It is the recommended form of use for compat- 
ibility with all Microchip software tools. 


Destination select; 

d = 0 (store result in W) 

d = 1 (store result in file register ‘f') 
Default is d= 1 


Label name 























label 


Os Top of Stack 
€ Program Counter 
T Watchdog Timer Counter 
TO Time-Out bit 





Power-Down bit 


Destination, either the W register or the speci- 
fied register file location 


Options 

Contents 

Assigned to 

Register bit field 

In the set of 

User defined term (font is courier) 


> 


italics 


MA YL Io . 
@ 
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TABLE 8-2: INSTRUCTION SET SUMMARY 


Mnemonic, 
Operands 





Description 
Add W and f 
AND W with f 

Clear f 

ClearW 

Complement f 

Decrement f 

Decrement f, Skip if 0 
Increment f 

Increment f, Skip if 0 
Inclusive OR W with f 
Move f 

Move W to f 

No Operation 

Rotate left f through Carry 
Rotate right f through Carry 
Subtract W from f 

Swap f i 
Exclusive OR W with f 


_ | Cycles 12-Bit Opcode Status — 
|_| MSb LSb_| Affected 


“ o 
Q. 


aQaaaagaaa 
~— 


= =) sh =A oR 1 gh 7h Hh Hh |“ =“ =“ = 1 
rn ee | 


aaaada 


~“ “ “w “ “a 


Bit Clear f | 
Bit Set f 

Bit Test f, Skip if Clear 

Bit Test f, Skip if Set 


AND literal with W 
Call subroutine 


Clear watchdog timer 
Unconditional branch 
Inclusive OR literal with W 
Move Literal to W 

Load OPTION register 
Retum, place literal in W 
Go into standby mode 
Load TRIS register 
Exclusive OR Literal to W 


Note 1: the 9th bit of the program counter will be forced to a ‘0’ by any instruction that writes to the PC excepi for 
GOTO. (Section 4.6) | | 

2: When an I/O register is modified as a function of itself (¢.g.MOVF PORTB, 1), the value used will be that 
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and 
is driven low by an extemal device, the data will be written back with a '0'. 

3: The instruction TRIS f, where f= 5, 6, or 7 causes the contents of the W register to be written to the 
tristate latches of PORTA, B or C, respectively. A‘1' forces the pin to a hi-impedance state and disables 
the output buffers. 

4: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be 
cleared (if assigned to TMRO). 





, i a ee ee ee ee 
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ADDWF AddW andf ANDWF AND W withf 

Syntax: [ label] ADDWF _f,d Syntax: [ label] ANDWF _ fd 

Operands: O<f<127 Operands: O0<f<127 
de [0,1] de [0,1] 

Operation: (W) + (f) > (dest) Operation: (W) .AND. (f) > (dest) 

Status Affected: C,DC,Z Status Affected:  Z 

Description: Add the contents of the W register Description: The contents of the W register are 
and register ‘f'. If 'd’ is 0 the result is AND’ed with register ‘f. If 'd’ is 0 the 
stored in the W register. If 'd' is 1 the result is stored in the W register. If ‘d’ 
result is stored back in register ‘f’. is 1 the result is stored back in register 

Words: 1 a 

Cycles: 1 mores: ! 

Example: ADDWF FSR, 0 Cyaee: ! 

Example: ANDWF FSR, 1 


Before Instruction 


W = Ox17 Before Instruction 
FSR= OxC2 W = 0x17 
After Instruction FSR= = OxCe2 
W = OxD9 After Instruction 
FSR= OxC2 W =  Ox17 
FSR= Ox02 
ANDLW And literal with W BCF Bit Clear f 
Syntax: [ label] ANDLW_ k Syntax: [label] BCF  f,b 
Operands: 0<k<255 Operands: O<f<127 
Operation: (W) .AND. (k) —> (W) O<b<7 
Status Affected:  Z Operation: 0 — (f<b>) 
Encoding: Status Affected: None 
Description: The contents of the W register are Encoding: 
AND’ed with the eight bit literal 'k’. Description: Bit 'b' in register 'f' is cleared. 
The result is placed in the W register. Word: { 
Words: 1 Cycles: ' 
eyes Example: BCF FLAG_REG, 7 
Example: ANDLW Ox5F 


Before Instruction 


W = 


OxA3 


After Instruction 


W = 


0x03 


Before Instruction 
FLAG_REG = 0xC7 


After Instruction 
FLAG_REG = 0x47 


[ss EA NEE NE a ie NN EL NI SN Ni a AT BN a] 
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Operation: 
Status Affected: 
Encoding: 
Description: 


Bit Set f 
[Jabe!] BSF f,b 


O0<f<127 
O<bs<7 


1 — (f<b>) 

None 

Bit 'b' in register ‘f' is set. 

, 

1 

BSF FLAG_REG, 7 


Before Instruction 
FLAG_REG= Ox0A 


After Instruction 
FLAG_REG= Ox8A 


Operation: 
Status Affected: 
Encoding: 
Description: 


Bit Test f, Skip if Clear 
[ label] BTFSC f,b 


O0<f<127 
O<b<7 


skip if (f<b>) = 0 
None . 


[oxo [aoe [eee] 


If bit ‘b' in register ‘f' is 0 then the next 
instruction is skipped. 

If bit 'b' is 0 then the next instruction 
fetched during the current instruction 
execution is discarded, and an NOP is 
executed instead, making this a 2 cycle 
instruction. ; 


1 
1(2) 


HERE BTFSC 
FALSE GOTO 
TRUE o 


FLAG, 1 
PROCESS_CODE 


Before Instruction 


PC = address (HERE) 
After Instruction 

ifFLAG<1> = Q, 

PC = address (TRUE); 

ifFLAG<1> = 1, 

PC = address (FALSE) 


BTFSS Bit Test f, Skip if Set 

Syntax: [ label] BTFSS f,b 

Operands: O<f<127 
O<b<7 

Operation: skip if (f<b>) = 1 

Status Affected: | None 

Description: If bit 'b' in register 'f' is '1' then the next 
instruction is skipped. 
lf bit 'b' is ‘'1', then the next instruction 
fetched during the current instruction 
execution, is discarded and an NOP is 
executed instead, making this a 2 cycle 
instruction. 

Words: 1 

Cycles: 1(2) 

Example: HERE BTFSS FLAG,1 


FALSE GOTO 
TRUE e 


PROCESS_CODE 


Before Instruction 


PC = address (HERE) 
After Instruction 

IfFLAG<i> = QO, 

PC = address (FALSE); 

ifFLAG<1> = 1, 

PC = address (TRUE) 
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CALL Subroutine Call CLRW Clear W 
Syntax: [ label] CALL k Syntax: [ label] CLRW 
Operands: O<k< 2047 Operands: None 
Operation: (PC) + 1 Top of Stack; Operation: 00h — (W); 
k + PC<8:0>; 1>Z 
Sahel ae — PC<10:9>; Status Affected: 2 
ad <oO> 
Encoding: 0000 | 0100 | 0000 
Status Affected: | None . el Ee 
; or Description: The W register is cleared. Zero bit (Z) 
Encoding: 1001. | kkkk | kkkk is set. 
Description: Subroutine call. First, return address Words: { 
(PC+1) is pushed onto the stack. The 
eight bit immediate address is loaded Cycles: 1 
into PC bits <7:0>. The upper bits Example: CLRW 
PC<10:9> are loaded from STA- : 
TUS<6:5>, PC<8> is cleared. CALL is Before Instruction 
a two cycle instruction. W = OXxSA 
Words: 1 After Instruction 
W = 0x00 
Cycles: 2 7 = 4 
Example: HERE CALL THERE 
Before Instruction 
PC = address (HERE) 
After Instruction 
PC = address (THERE) 
TOS= address (HERE) 
CLRF Clear f CLRWDT Clear Watchdog Timer 
Syntax: [abel] CLRF f Syntax: [ label] CLRWDT 
Operands: O<f<127 Operands: None 
Operation: 00h — (f); Operation: 00h — WDT; 
1>Z 0- WDT prescaler; 
Status Affected:  Z i es 
—_ 
Encoding: 0000 |011f | ££fF Sete 
D a : are Status Affected: TO, PD 
escription: e contents of register ‘f' are cleare ; 
: and the Z bitis set Encoding 
Words: 1 Description: The CLRWDT instruction resets the 
WDT. It also resets the prescaler of 
Cycles: 1 the WDT. Status bits TO and PD are 
Example: CLRF § FLAG_REG set. 
Before Instruction Words: | 1 
FLAG_REG = Ox5A Cycles: { 
After Instruction Example: CLRWDT 
FLAG_LREG = 0x00 : 
Z “age Sy Before Instruction 
| WDT counter = ? 
After Instruction 
WDT counter = 0x00 
WDT prescale = 0 
TO = 1 
PD = 1 


A ES AEN NSO IE a EO A a a ST SD Se aE 
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COMF Complement f DECFSZ Decrement f, Skip if 0 
Syntax: [ label] COMF fd Syntax: [ abel] DECFSZ f,d 
Operands: 0<f<127 Operands: . O<f<127 
de [0,1] de [0,1] 
Operation: (f) + est) Operation: (f)-1-—>d; skip if result=0 
Status Affected: Z Status Affected: None 
Description: The contents of register ‘f' are comple- Description: The contents of register ‘f' are decre- 
mented. If ‘d' is 0 the result is stored in mented. If ‘d' is 0 the result is placed 
the W register. If ‘d' is 1 the result is in the W register. If ‘d' is 1 the result is 
stored back in register ‘f'. placed back in register ‘f’. 
Words: { If the result is 0, the next instruction, 
which is already fetched, is discarded 
Cycles: 1 and an NOP is executed instead mak- 
Example: COMF REG1,0 ing it a two cycle instruction. 
Before Instruction Words: 1 
REG1 = Ox13 Cycles: 1(2) 
After Instruction Example: HERE DECFSZ CNT, 1 
REGi = 0x13 GOTO LOOP 
W =  OxEC CONTINUE « 
Before Instruction | 
PC address (HERE) 
After Instruction | 
CNT = CNT-1; 
fCNT = 0, | 
PC = address (CONTINUE); © 
ifCNT # 0, 
PC = address (HERE+1) 
DECF Decrement f GOTO Unconditional Branch 
Syntax: [ label] DECF f,d Syntax: [ label] GOTO k 
Operands: O<f<127 Operands: 0<k< 2047 
de [0,1] Operation: k + PC<8:0>; 
Operation: (f) - 1 — (dest) STATUS<6:5> — PC<10:9> 
Status Affected: Z | Status Affected: None 
Description: Decrement register ‘f. If ‘d' is 0 the Description: GoTo is an unconditional branch. The 
result is stored in the W register. If 'd’ 9-bit immediate value is loaded into 
is 1 the result is stored back in register PC bits <8:0>. The upper bits of PC 
f. are loaded from STATUS<6:5>. GoTo 
Words: 1 is a two cycle instruction. . 
Cycles: 1 Words: 1 
Example: DECF CNT, 1 Cycles: 2 
Before Instruction 7 Example: eee 
CNT = 0x01 / After Instruction 
Z = 0 PC = address (THERE) 
After Instruction . 
CNT = 0x00 
Z = 1 
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INCF Increment f 
Syntax: [ Jabel] INCF f,d 
Operands: 0<f<127 
de [0,1] 
Operation: (f) + 1 — (dest) 
Status Affected: Z 
Description: The contents of register 'f' are incre- 
mented. If 'd' is 0 the result is placed 
in the W register. If ‘d' is 1 the result is 
placed back in register 'f’. 
Words: 1 
Cycles: 1 
Example: INCF CNT, 4 
Before Instruction 
CNT =  OxFF 
Z =: 10 
After Instruction 
CNT = 0x00 
Z ae 
INCFSZ Increment f, Skip if 0 
Syntax: [label] INCFSZ f,d 
Operands: O<f<127 
de [0,1] 
Operation: (f) + 1 — (dest), skip if result = 0 
Status Affected: None 
Description: The contents of register ‘f' are incre- 
mented. If 'd’ is 0 the result is placed 
in the W register. If 'd’ is 1 the result is 
placed back in register ‘f’. 
If the result is 0, then the next instruc- 
tion, which is already fetched, is dis- 
carded and an NOP is executed 
instead making it a two cycle instruc- 
tion. 
Words: 1 
Cycles: 1(2) 
Example: HERE INCFSZ CNT, 1 
GOTO LOOP 
CONTINUE « 
Before Instruction 
PC = address (HERE) 
After Instruction 
CNT = CONT +1; 
fCNT = 0, 
PC = address (CONTINUE); 
ifCNT # 0, 
PC = address (HERE +1) 


IORLW Inclusive OR literal with W 
Syntax: {label} IORLW k 
Operands: O0<k<255 
Operation: (W) .OR. (k) = (W) 
Status Affected: Z 
Description: The contents of the W register are 
OR’ed with the eight bit literal 'k’. The 
result is placed in the W register. 
Words: 1 
Cycles: 1 
Example: IORLW 0x35 
Before Instruction 
W = Ox9A 
After Instruction 
W =  OxBF 
IORWF Inclusive OR W with f 
Syntax: [label] IORWF fd 
Operands: 0<f<127 
de [0,1] 
Operation: (W) .OR. (f) — (dest) 
Status Affected: Z 
Description: Inclusive OR the W register with regis- 
ter ‘f'. If 'd' is O the result is placed in 
the W register. If ‘d' is 1 the result is 
placed back in register ‘f'. 
Words: 1 
Cycles: 1 
Example: IORWF RESULT, 0 
Before Instruction 
RESULT = 0x13 
WwW = Qx91 
After Instruction 
RESULT = 0x13 
W =  Qx93 


TERCERA PIII VI 2 TIES SB SIS TET SPEEA I TC Ss STS SEATS AE ET TI ERE I DEE ID ID SINE IT EI DIE TO IE UGE EIT EB ET EET TBI SR TIS EIT ELIOT EE OEE LEDC TOES ESE TELL TE ICEL LITT 
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MOVF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Move f 
[ label] MOVF f,d_ 


O<f<127 
de [0,1] 


(f) — (dest) 
Z 


0010 00dE ffff 


' The contents of register ‘f' is moved to 


destination ‘d’. If ‘d' is 0, destination is 
the W register. If 'd' is 1, the destina- 
tion is file register ‘f'. ‘d' is 1 is useful to 
test a file register since status flag Z is 
affected. 

1 

1 


MOVF FSR, 0 


After Instruction 


W = 


Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 


Example: 


value in FSR register 


Move Literal to W 

[ label] MOVLW k 
0<k<255 

k — (W) 

None 


1100 kkkk kkkk 


The eight bit literal 'k’ is loaded into 
the W register. The don’t cares will 
assemble as Os. 


{ 
| 
MOVLW Ox5A 


After Instruction 


W = 


Ox5A 


MOVWF Move W tof 
Syntax: [label] MOVWF f 
Operands: O<f<127 
Operation: (W) > (f) 
Status Affected: None 
Description: Move data from the W register to reg- 
ister 'f'. 
Words: 1 
Cycles: 1 | 
Example: MOVWF  TEMP_REG 
Before Instruction 
TEMP_REG = OxFF 
W =  Ox4F 
After Instruction 
TEMP_REG = Ox4F 
W =  OX4F 
NOP No Operation 
Syntax: [ label] NOP 
Operands: © | None 
Operation: No operation 
Status Affected: | None 
Description: No operation. 
Words: 1 
Cycles: 1 
Example: NOP 
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OPTION Load OPTION Register 
Syntax: [ label] OPTION 
Operands: None 
Operation: (W) > OPTION 
Status Affected: None 
Encoding: 
Description: The content of the W register is loaded 
into the OPTION register. 
Words: 1 
Cycles: 1 
Example OPTION 
Before Instruction 
W = 0x07 
After Instruction 
OPTION = 0x07 
RETLW Return, place literal in W 
Syntax: [label] RETLW k 
Operands: 0<k<255 
Operation: k + (W); 
TOS + PC 
Status Affected: None 
Description: The W register is loaded with the eight 
bit literal 'k’. The program counter is 
loaded from the top of the stack (the 
return address). This is a two cycle 
instruction. 
Words: 1 
Cycles: 2 
Example: CALL TABLE ;W contains 
stable 
TABLE ;offset value 
° ;W now has table 
values 
ADDWF PC ;W = offset 
RETLW k1 ;Begin table 
RETLW k2 ; 
RETLW kn ; End of table 


Before Instruction 


W = 


0x07 


After Instruction 


W = 


value of k7 


RLF Rotate Left f through Carry 
Syntax: [label] RLF f,d 
Operands: O0<f<127 
de [0,1] 
Operation: See description below 
Status Affected: Cc 
Description: The contents of register 'f' are rotated 
one bit to the left through the Carry 
Flag. If ‘d' is O the result is placed in 
the W register. If ‘d' is 1 the result is 
stored back in register 'f. . 
Words: 1 
Cycles: 1 
Example: RLF REG1, 0 
Before Instruction 
REG1 = 1110 0110 
C = 4 
After Instruction 
-REGi = = 1110 0110 
W = 1100 1100 
C = 1 
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RRF Rotate Right f through Carry 
Syntax: { label] RRF f,d 
Operands O<f<127 
de [0,1] 
Operation: See description below 


Status Affected: C 





Description: The contents of register ‘f' are rotated 
one bit to the right through the Carry 
Flag. If ‘d' is 0 the result is placed in 
the W register. If ‘d' is 1 the result is 
placed back in register 'f’. 
—{e}+ resister Ff 
Words: 1 
Cycles: 1 
Example: RRF REG1,0 
Before Instruction 
REG1 = 1110 0110 
Cc = 0 
After Instruction 
REG1 = 1110 0110 
Ww = 0111 0011 
Cc =e 1 
SLEEP Enter SLEEP Mode 
Syntax: [label] SLEEP 
Operands: None 
Operation: 00h — WDT: 
0 — WDT prescaler; 
1 >TO: 
0— PD 


Status Affected: TO, PD 


Encoding: 0000 

Description: Time-out status bit (TO) is set. The 
power down status bit (PD) is 
cleared. The WDT and its prescaler 
are cleared. 
The processor is put into SLEEP 
mode with the oscillator stopped. 
See section on SLEEP for more 
details. 

Words: 1 

Cycles: 1 

Example: SLEEP 





SUBWF Subtract W from f 
Syntax: [label] SUBWF f,d 
Operands: O<f < 127 

de [0,1] 
Operation: (f) — (W) — (dest) 


Status Affected: C,DC,Z 


Encoding: 
Description: Subtract (2’s complement method) 
the W register from register ‘f'. If ‘d’ 
is O the result is stored in the W reg- 
ister. If 'd' is 1 the result is stored 
back in register ‘f'. 
Words: 1 
Cycles: 1 
Example 1: SUBWF REG1, 1 
Before Instruction 
REG1 = 3 
W = 2 
C = ? 
After Instruction 
REG1 = 1 
WwW = 2 . 
C = 1 ; result is positive 
Example 2: | 
Before Instruction 
REG1 = 2 
W = 2 
C = ? 
After Instruction 
REG1 = 0 
W = 2 
C = | ; result is zero 
Example 3: 
Before Instruction 
REG1 = 1 
W = 2 
Cc = ? 
After Instruction 7 
REGi = FF 
W = 2 
C = 0 ; result is negative 
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SWAPF Swap f 
Syntax: { label] SWAPF f,d 
Operands: O0<f<127 
de [0,1] 
Operation: (f<3:0>) + (dest<7:4>); 
(f<7:4>) — (dest<3:0>) 
Status Affected: None 
Encoding: | 0011 | 10af | Lice | 
Description: The upper and lower nibbles of regis- 
ter ‘f' are exchanged. If ‘d’ is 0 the 
result is placed in W register. If 'd’ is 1 
the result is placed in register ‘f'. 
Words: 1 
Cycles: 1 
Example SWAPF REG1, 0 
Before Instruction 
REG1 =  OQxA5 
After Instruction 
REG1 =  QxA5 
W = OX5A 
TRIS Load TRIS Register 
Syntax: [label] TRIS f 
Operands: 5<f<7 
Operation: (W) > TRIS register f 
Status Affected: None 
Encoding 
Description: TRIS register ‘f' (f = 5, 6, or 7) is loaded 
with the contents of the W register 
Words: 1 
Cycles: 1 
Example TRIS PORTA 
Before Instruction 
WwW = OXA5 
After Instruction 
TRISA = OXAS5 


XORLW Exclusive OR literal with W 

syntax: [label] XORLW k 

Operands: O<k< 255 

Operation: (W) .XOR. k > (W) 

Status Affected: Z 

Description: The contents of the W register are 
XOR’ed with the eight bit literal 'k’. 
The result is placed in the W regis- 
ter. 

Words: 1 

Cycles: 1 

Example: XORLW OxAF 

Before Instruction 
W = OxB5 
After Instruction 
W = Ox1A 

XORWF Exclusive OR W with f 

Syntax: [ label] XORWF fd 

Operands: 0<f<127 

de [0,1] 
Operation: (W) .XOR. (f) — (dest) 


Status Affected: 2Z 


Description: Exclusive OR the contents of the W 
register with register ‘f'. If ‘d' is O the 
result is stored in the W register. If ‘d' 
is 1 the result is stored back in register 
'f'. 
Words: 1 
Cycles: 1 
Example XORWF REG 1 
Before Instruction 
REG =  OXxAF 
W = OxB5 
After Instruction 
REG = Ox1A 
W =  OxB5 
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NOTES: 
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9.0 ELECTRICAL CHARACTERISTICS FOR PIC16C54A 
9.1 Absolute Maximum Ratings! 





Ambient temperature Under DidS.................cccccccccessseseceecccecseeessenceasnseeesecceseeaeaeaaaseseseeeessssoaaeneeeesenansasenonens 55°C to +125°C 
SLOLAGE TEMPO ANC a a aovcs ens oe davehaycen ve hace saeuesabweyaaysaapaavesesstecc avd aces oA Coalaeeusia shew dri vanateee Coenen lane - 65°C to +150°C 
VONAGE ION VOD WIINTESDECINO WSS cecGoncs seat ccceeeled piste cataete act ctys tices eueiic came se ecenap tae ea cece acapes eens vitae eeeee anevess 0 to +7.5V 
Voltage On MCLR with respect to VSS 0... ccccccssntssstscenececsccceceeceseccssescneesanassesaceeaecaceecssessesseeesessetseeeeseneeeeteosoes 0 to +14V 
Voltage on all other pins with reSpect tO VSS ........scccssececceceeesecceecececccenecccescccssececssecesesceseeeesereetes -0.6V to (VDD + 0.6V) 
TOtal: DOWEr-GISSIDALOMN: (NOLO 7) sac cies ca casaics sauce sats siiesasg vo esanaacn cage Aa estas vacua eso cau nen ae las aessesm eee ceesbdea ease 800 mW 
Max CUMCIMUOUL-OF. VSS PIN: stesle gees ni eles eescnitent deci cotwancee eutivaseacntw caper eee iso aeantedasl nna. Sets teMaas naa manedaat Aes 150 mA 
Max< CUIEMU ITO VOD DIN cvs sssssecacevzunsdeGuasescuis Sateeup oicacsnudacstecaetece igeduuccedauss suqalataycweconentee nadeeneeauseatatssa ava tcecasmbers 100 mA 
Max. current into an input pin (TOCKI OMY)... eee eeccsessseseeecessescecscescesccsaseaceaeceeesseececencecseeaeeseesseesecsecseceessaeseaeenss +500 pA 
Input clamp Current, liK(Viex OOF VIS VOD) wicies sacs ice daspeca cis le ccesdecetatniesce ies od eevee tdeseea bots iaerelcddeseats canceconshalesnacactseodeetnieats 420 mA 
Output clamp current, lOK (VO < 0 OF VO > VDD) ou... eee ccccesssesceesceseessscecseessessecsecseeesseescesseseesseseeeaseseeeeesessueseeeeceeetenses +20 mA 
Max. OUIDULCUTFENL SUN DY any [OQ DIN) sciscosscneoctigecstanesinanttadaaesdieiwens es veisbssukadsasteas beaseeteunduasanasdwerviweniauadca el veaces 25 mA 
Max.-oulput current: sourced bY any l/O: Dilie.cesci ei sehca ates cens deh vasvaseasvonniaediceidsia iaannde Havscddustonmatelen eset neuiueseldvcenundaces 20 mA 
Max. output current sourced by a single I/O port (PORTA Of B) .......... eee eeeceseeeeeeeeneeeceeeeceeaeeeeasaceeeccaceeaceeeeeseneeeeeees 40mA 
Max. output current sunk by a single I/O port (PORTA Of B) oo. e eec ce ceeeseereeneneeeeeeeasceeeeesseneeseseseseesseseeeseeeseeenes 50 mA 

Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol- 

lows: 


Pdis = VbD x {IDD - &) IOH} + & {(VDD-VOH) x IOH} + &(VOL x IOL) 





TABLE 9-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


OSC 16C54A-04 16C54A-10 16C54A-20 | 16LC54A-04 


AG VoD: 3.0V to 6.25 Vob. 30V kc = a Sf 
IpD: 2.4mAmax. at5.5V fit 
IPD: 4 pAmax. at 3.0V 
WDT dis 
Freq: 4 MHz max. Freq: 4 MHz ma et Miriz max “Tec Ariz me 
XT : 3.0V to 6.25V x 5) ‘VD: °3.0V:tc VD 
2.4 mA max. at 5.5V 
4 pA max. at 3.0V ar f 
WDT dis 
: 4 MHz max. . 4 MHZ max: ‘Freqe 4: MHz ma 


0 5.5V : 4.5V to 5.5V 
8 mAmax. at 5.5V 16 mA max. at 5.5V 
4 uA max. at 3.0V : 4pAmax. at 3.0V 
WDT dis WDT dis 
: 10 MHz max. : 20 MHz max. 


| Vpp: 2.5V to 6.25V 
IpD: 27 wAmax. at 32kHz, 
2.5V 
IPD: 4pAmax. at 2.5V 
WDT dis 
200 -KAIZ.1T Freq: 200 kHz max. 
The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is 
recommended that the user select the device type that guarantees the specifications required. 
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_ TABLE 9-2: DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 







Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+125°C for automotive, 
-40°C <TAs-+85°C for industrial and 

—60rc < TA < +70°C for commercial 
Operating voltage: VoD = 4.0V to 6.0V 


[__Gharacteristic | Sym Min |typt|Max|Units| ___—_—=—sGonditions_ 
a al =e 
| 4.5 5.5 HS osc configuration 
a OO 
Voltage (Note 1) VDR 1:5 V__ | Device in SLEEP mode 
Vpp start voltage to | oe a 
— | Vss im 


DC CHARACTERISTICS 
POWER SUPPLY PINS 



























guarantee Power-On Reset VPOR V_ |See section on Power-On Reset for details 
VDD rise rate to guarantee 
Power-On Reset SvDD | 0.05* V/ms | See section on Power-On Reset for details 


Supply Current (Note 2) Seti ee ee * | 
= Z, =o. 


LP osc option, Commercial | 

Fosc = 32 kHz, VDD = 3.0V, WDT disabled 
LP option, Industrial 

Fosc = 32 kHz, VDD = 3.0V, WDT disabled 



















Power Down Current (Note 3) 
WDT enabled 








VDD = 3.0V, Commercial 
VDD = 3.0V, Industrial 

VoD = 3.0V, Commercial 
LA | VoD = 3.0V, Industrial 


* These parameters are characterized but not tested. : 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
_ and are not tested. 
Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 4g 
: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption. 






WDT disabled 





a) The test conditions for all IDD measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vop, TOCKI = Vop, 
MCLR = Vpp; WDT enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. . | 
3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss. 
4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: , | 
IR = Vop/2Rext (mA) with Rext in kKOhm. 


A PAE TS ECTS REE SD A A SEE LEY ALIA AE STA IEP ESSELTE TES ENACT TESS SITET LE LEDS SE SPT ROE EE EL EDOE ECL E PRE TELM TT LSE ETE A TDI DOL ETRE TIDE SE STREET IE EEDA HS ENE ET ES EEE IES EARL LTTE NCTE 
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TABLE 9-3: DC CHARACTERISTICS: PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+125°C for automotive, 
-40°C 3 <TA< +85°C for industrial and 
0°C < TA < +70°C for commercial 
Operating voltage VOD = 4.0V to 6.0V 


|___Characteristic__| Sym | Min |Typt|Max|Units[| Conditions 
—— ; HS option 
Voltage (Note 2) : V_ {Device in SLEEP mode 
See section on Power-On Reset for details 


VDD rise rate to guarantee 
Power-On Reset : V/ms | See section on Power-On Reset for details 


DC CHARACTERISTICS 
POWER SUPPLY PINS 





XT and RC options (Note 4) 
1.7 | 3.3 | mA | FOSC = 4 MHz, VoD = 5.5V 
HS option 
2.4 8 mA | FosSc = 10 kHz, VoD = 5.5V 
45 | 16 | mA | FOSC = 20 MHz, VoD = 5.5V 
Power Down Current (Note 3) 
WDT enabled 4 12 | yA | VDD =3.0V, Commercial 
5 14 | yA | VDD =3.0V, Industrial 
WDT disabled 0.25| 4 uA | VDD = 3.0V, Commercial 
0.3 | 5 wA | VDD = 3.0V, Industrial 
‘ These parameters are characterized but not tested. 
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 


and are not tested. 
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 
: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption. 


a) The test conditions for all lb>D measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vop, TOCKI = Vpp, 

MCLR = Vpp; WDT enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. 


3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VOD and Vss. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: 
IR = Vop/2Rext (mA) with Rext in kOhm. 


ER EP SE PT A TP I PETE FS TEST TS IR PTS SSeS ESTP A MEP TS SSM SENS AS TAPE ECS ET GS ES TOE LEE AT EET SP EAE GE EPR TPES BEE EER NFER LIE TEES ECE ROE TET MELEE EET AEE, 
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TABLE 9-4: | DC CHARACTERISTICS: PICT6LCS4A-04 (COMMERCIAL, INDUSTRIAL) — 


DC CHARACTERISTICS 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+125°C for automotive, 
2 -40°C <TA<+85°C for industrial and 


POWER SUPPLY PINS 


°C < TA <+70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V 


[characterise [Sym | in |Tyot| ax] unte| _____Conaions 
Supply Voltage |Voo_| 25 | — [6.25] V [XTRCandLPoptions 


RAM Data Retention 

Voltage (Note 2) | VOR V_ | Device in SLEEP mode 

Sees fel “halle 
guarantee Power-On Reset ‘VPOR Vss V_ | See section on Power-On Reset for details 
| ssninn toed 
Power-On Reset | SvDD V/ms | See section on Power-On Reset for details 


Supply Current (Note 1) XT and RC options (Note 4) 
‘ FOSC = 2 MHz, VDD = 5.5V | 
LP option, Commercial 
Fosc = 32 kHz, VDD = 2.5V WDT disabled 
LP option, Industrial 
| FOSC = 32 kHz, VDD = 2.5V WDT disabled 


Power Down Current (Note 3) 


WDT enabled : VDD = 2.5V, Commercial 
. : VDD = 2.5V, Industrial 

WDT disabled : VDD = 2.5V, Commercial 
a 0. VDD = 2.5V, Industrial 





These parameters are characterized but not tested. 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 


: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 


The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption. 


a) The test conditions for all lbD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to VoD, TOCKI = Vob, 

MCLR = Vpp; WDT enabled/disabled as specified. 

b) For stand-by current measurements, ne conditions are the same, except that the device is in SLEEP 
mode. | 


The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss. 
RC mode does not include current oo Rext. The current through the resistor can be estimated by the 
formula: | 

IR = Vop/2Rext (mA) with Rext in kOhm. 


RRA RETA TS TAGE TR SI AOE TBE GE APT ISOS AE CLP B REIS TITLE PENA EEE TPO SEO SIE SEL LATIF BELEN GR CELE AGS EE TI SECC EIT AE ES TET OPTED TEA LEY FO IE TE TTT EPI PIII IL TE TIES OE SE ES EI SE SE EES 
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TABLE 9-5: DC CHARACTERISTICS: PIC16C54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LC54A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C54A-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+125°C for automotive, 
-40°C <TA<+85°C for industrial and 
00°C < TA < +70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V 


|___Characteristic _ | Sym| Min _| Typt | Max |Units| Conditions 


Input Low Voltage 


DC CHARACTERISTICS 
POWER SUPPLY PINS 































I/O ports Vit Vss Pin at hi-impedance 
MCLR Vss 

TOCKI Vss 

OSC1 Vss RC option only (Note 4) 
OSC1 XT, HS and LP options 


Input High Voltage 


I/O ports 0.2 VoD+1V For all VopD (Note 5) 

2.0 4.0V < VoD < 5.5V (Note 5) 
MCLR 0.85 VoD 
TOCKI 0.85 VbD 
OSC1 0.85 VoD RC option only (Note 4) 
OSC1 0.7 VoD 


XT, HS and LP options 
Input Leakage Current For Vpp <5.5V 
(Note 3) 


I/O ports 





Vss < VPIN< VDD 
Pin at hi-impedance 

| VPIN = Vss +0.25V (Note 2) 
VPIN = VDD (Note 2) 
Vss < VPIN < VpD 

Vss < VPIN < VDD 

XT, HS and LP options 


Output Low Voltage 
I/O ports 
OSC2/CLKOUT 

(RC option only) 


Output High Voltage 


lo. = 8.7 mA, VDD = 4.5V 





lol = 1.6 mA, VDD = 4.5V 






I/O ports (Note 4) 

OSC2/CLKOUT | 

(RC option only) IOH = -1.0 mA, VDD = 4.5V 

T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

2: The leakage current on the MCLR/VPppP pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current may be measured at different input 
voltages. 

3: Negative current is defined as coming out of the pin. 

4: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an 
external clock in RC mode. 

5: The user may use better of the two specifications. 


IOH = -5.4 mA, VDD = 4.5V 
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9.2 Timing Diagrams and Specifications 


FIGURE 9-1: LOAD CONDITIONS 





Ci = 50 pF for all pins except OSC2 


15 pF for OSC2 in XT, HS or 
LP modes when external clock 
is used to drive OSC1. 


LS IE YP SLE EN I AIR a EE IIS I EI ET IIT TT A AP EIS TE DE ITD TS A I I I IE IE TIE 
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FIGURE 9-2: EXTERNAL CLOCK TIMING 


CLKOUT 


TABLE 9-6: EXTERNAL CLOCK TIMING REQUIREMENTS 


Parameter 
No. 


External CLKIN Frequency 
(Note 1) 


Oscillator Frequency 
(Note 1) 


External CLKIN Period 
(Note 1) 


Oscillator Period 
(Note 1) 


Instruction Cycle Time (Note 1) 
50 
2.5 





XT and RC osc mode 

HS osc mode (PIC16C5XA-04) 
HS osc mode (PIC16C5XA-10) 
HS osc mode (PIC16C5XA-20) 
LP osc mode 

RC osc mode 

XT osc mode 

HS ose mode (PIC16C5XA-04) 
HS osc mode (PIC16C5XA-10) 
HS osc mode (PIC16C5XA-20) 
LP osc mode 

XT and RC osc mode 

HS osc mode (PIC16C5XA-04) 
HS osc mode (PIC16C5XA-10) 
HS osc mode (PIC16C5XA-20) 
LP osc mode 

RC osc mode 

XT osc mode 

HS osc mode (PIC16C5XA-04) 
HS osc mode (PIC16C5XA-10) 
HS osc mode (PIC16C5XA-20) 
LP osc mode 


XT oscillator 
LP oscillator 
HS oscillator 
XT oscillator 
LP oscillator 
HS oscillator 





Tt Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 


and are not tested. 


Note 1: Instruction cycle period (TCY) equals four times the input oscillator time-base period. All specified values are 
based on characterization data for that particular oscillator type under standard operating conditions with the 
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or 
higher than expected current consumption. All devices are tested to operate at “min." values with an external 


clock applied to the OSC1/CLKIN pin. 


When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 


© 1995 Microchip Technology Inc. 
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FIGURE 9-3: CLKOUT AND W/O TIMING 


CLKOUT 


ere 
19 ~<-] 8} 7 16 
' 5 — | <G 


0s WLLL WLLL 


aay 14 Seen 


Li 15———___+_+! 


1/O Pin 


(output) old value | new value 








No. 


P10 ‘(taste [oscitocKouy 
2 feke [LK se time 
Yen etx atime 
: = 

iovacke [Port in val 



















=< 
pas Terao] 
= 


fA TckL2ioV | CLKOUTL to Port out valid 
TioV2ckH | Port in valid before CLKOUTT | 0.25 Tcy+25 


TckH2iol ‘| Port in hold after CLKOUTT pa 
TosH2ioV | OSC1T (Q1 cycle) to Port out valid Le ef 


eee 
ae 
eee! 
Lo OSC1T (Q2 cycle) to Port input invalid 
(I/O in hold time) TBD 
a a 
(I/O in setup time) TBD 
[20 [oR Pow outputrisetime 
[Tok [Potouputiattime 
x These parameters are characterized but not tested. 
Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. | 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 
2: See Figure 9-1 for loading conditions. 


ah | ok 
Oo| © 
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FIGURE 9-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING 


Internal 
POR 


DRT 
Timeout 


Internal 
RESET 


Watchdog 
Timer 
RESET 


I/O pin 
(Note 1) 


Note 1: I/O pins must be taken out of hi-impedance mode by enabling the output drivers in software. 





TABLE 9-8: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER 


Parameter 
No. Characteristic Typt 


| 9 [Time [MCTR Pulse Width (low) | 100 | — | — | ne | Woo=5V,-40°C 10 +125°C 


31 Twat Watchdog Timer Timeout Period 18 30* VoD = 5V, -40°C to +125°C 
(No Prescaler) 


| 82 TORT Device Reset Timer Period oF 18* | 30* | ms | Vop = 5V, -40°C to +125°C 
i bie 


: 
Tioz /O Hi-impedance from MCLR Low 
or WDT timeout 100 


These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
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FIGURE 9-5: TIMERO CLOCKTIMINGS . 





TABLE 9-9: TIMERO CLOCK REQUIREMENTS 


No 
TOCKI High Pulse Width [NoPrescaler | OS Tcy+20"| — | 
TOL |TOCKI Low Pulse Width INoPrescaler | 0.8 Tov+20"| — | 
eS. Nagensa 















4 


1 
42 TtOP | TOCKI Period [cy + 40* 


N 





These parameters are characterized but not tested. 
Tt Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
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10.0 ELECTRICAL CHARACTERISTICS FOR PIC16CR57A 


10.1. Absolute Maximum Ratings! 


Ambient temperature UNGESr DIAS ccc icesectessiveceseccdeaken deeded excinsancessansavededenuksntecdeavdeasdustacewiwiencselacheonaxeusiaies 55°C to +125°C 
SOLACE TEM ST AE ecco wise caressa cas eee pee aaaed acca Sessa Sadan ea esha eee Ge ede - 65°C to +150°C 
VollageOn: VOD WII FESPOCl TO VSS eis ax ricer escesscec a sodiccuasaseraae estpvleviv susasaacua es bess cacsdsvuaeeaytaleionpemens 0 to +7.5V 
Voltage on MCLR with respect to VSS .u...eccccssecssssscsssssscesscsessssssesressescecsecsessecsussesesnscsessscssenecsesecaueaeeatensenseseeas 0 to +14V 
Voltage on all other pins with respect tO VSS .20.... ee eeccceceecnececeeaceeesessseessecesessegeeeseeceseseoneeseees -0.6V to (VDD + 0.6V) 
Totalpower- dissipation (NOtE-1) x sssscccntecc sales sxc aac Se scewtes cee cd aaa sng es cuawensaasaeaeeguacees da asasidueceaasseeuuaes 800 mW 
Max. CUIENRE OUL OL VSS DI siseciss sacs szssenetsicessadaaeSerdevensads de sotwaacetweedauntonceatesedatasde cuagetsaaoedaesoenes-yaneeoeseueenncentendsegtaceae 150 mA 
Max. CUIEMEIALO: VOD DIN csecesccversd deve caweh.cudazennes can chenad cece teuas cucad dea ceabuadscndiasageadeacbaadsoinwsenendadecescsaeesasaxenoneeneeiecaasecsees 100 mA 
Max. current into an input pin (TOCKI Only)... csccceessersetsessseecesesscescesescsecsesscesecssescesenesensessscesssaceeaeeceseeeaseaeessees +500 pA 
Input clamp current, IK. (V 1-0 OF VIS VDD) ay setascccdosctancereensscveceaiteaseateeticadee teenagers veseeee t20 MA 
Output clamp current, lOK (VO < 0 OF VO > VDD) .0.... eee ccsessersssscseesscssecesesescsscsnsessscscecsseseessseneeesessassesscesenseassaseeeeanensees 420 mA 
Max. output current Sunk DY any VO- DIN yassssccceiess scoscesaspisatecccdnstensteueuewangeuceeedestvisaslenea ss Gieceantases lagen claneseaeermeasoucupaces 25 mA 
Max. output current sourced by any I/O Pim...............ccccesssesnsssssenncceececaccnceaceceecesscessaseceesaececeeecessesessecssseaesecsenscenaoeees 20 mA 
Max. output current sourced by a single I/O port 

ed © | oR er ac eo eT ear eo TY PRR AS oR OI en RGR EEY ROR Oee  SUe  e rr rE enn ey ore er er eee 50 mA 

PO TOF CG wa cict coee arenetis sccthites aapateee ane nat onsen ghee Sa uentasieaitaauaneeceseenseendyacenUeuetacaleec dvehrcies evendentaaeeceinerdsauaear es 100 mA 
Max. Output Current sunk by a single I/O port 

POUER UA sccuitewccsiasseacen ts ssuceen cae ceaiarasaes eet Sats tek eaatenc see ae ceneecys oates Uae evecictuah sauaueacepsacsadauass aenueeeebedcgascavensgushenetauaeutunatecetn 50 mA 

POPE OU Gc wrasce lh eoest act late teiwsensalaga pret sroucinn a tusie ea bens tacieaalvin clasts be wedauacuapaseehauses asses ueddaecely aadeoataaeiel aceuere entre: 100 mA 


Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol- 
lows: 


Pdis = Vpp x {IDD - > IOH} + & {(VDD-VOH) x IOH} + ¥(VOL x IOL) 





eee PS APNE cS ETA APA SP ES SSS A SRB OPA OPE CaS TSE EPR SER POR DA ESSE A TEE OE a 2 TOE TST LL SES eS SSE ETE SIS ET ETE 
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TABLE 10-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEvICE?) 


el 16CR57A-04 16CRS7A-10 16CR57A-20 16LCR57A-04 


VDD: TVpp: 25Vto625V..—~S 

IDD: 3.3 mA Max at 5.5 V 

IPD: 9 pAmax. at 3.0V 
WDT dis 

Freq: 4 MHz max. 


VpDD: 2.5V to 6.25V 

IDD: 3.3 mA max. at 5.5V 

IPD: 9pAmax. at 3.0V 
WOT dis 

Freq: 4 MHz max 


Vpb: 4.5V to 5.5V Vop: 4. 5V to 5. 5V 
10 mA max. at 5.5V Ipp: 20mAmax. at 5.5V 
9 pA max. at 3.0V IPD: 9 pAmax. at 3.0V- 
WDT dis WDT dis 
: 10 MHz max. Freq: 20 MHz Max 


Vob: 2.5V to6.25V - 
IDD: 32 pA max. at 32 kHz, 
2.5V . . 
IPD: 9wAmax. at 2.5V 
WDT dis 
Freq: 200 kHz max. 
The shaded « sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom- 
mended that the user select the device type that guarantees the specifications required. 





ee mS fA RECS PIE SE CSR BATS TS SORES IIE SE SECS ETS SEE NSS PISS SE ASTI SS ES DS TEP EE EE ST SE SST ELE SE I a EE SE a TIES 


DS30236A-page 2-154 © 1995 Microchip Technology Inc. 


Enhanced PIC16C5X 





TABLE 10-2: DC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+125°C for automotive, 
-40°C <TA<+85°C for industrial and 
o’C < TA <+70°C for commercial 
Operating voltage: VDD = 4.0V to 6.0V 


! V_ |XT, RC and LP osc configuration 
V__|HS osc configuration 
Device in SLEEP mode 
See section on Power-On Reset for details 


V/ms | See section on Power-On Reset for details 


DC CHARACTERISTICS 
POWER SUPPLY PINS 








VDD rise rate to guarantee 
Power-On Reset 


XT and RC options (Note 4) 

Fosc = 4 MHz, VDD = 5.5V 

HS option 

FOSC = 10 MHz, VDD = 5.5V 

FOSC = 20 MHz, VDD = 5.5V 

LP osc option, Commercial 

FOSC = 32 kHz, VDD = 3.0V, WDT disabled 


LP option, Industrial 
FOSC = 32 kHz, VDD = 3.0V, WDT disabled 





Power Down Current (Note 3) 
WDT enabled VDD = 3.0V, Commercial 
VDD = 3.0V, Industrial 

VDD = 3.0V, Commercial 


VDD = 3.0V, Industrial 


WDT disabled 





These parameters are characterized but not tested. 
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. . 
Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current Consumption. 


a) The test conditions for all IDD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to VoD, TOCKI = Vob, 

MCLR = Vpp; WDT enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. 


3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: 
IR = Vop/2Rext (mA) with Rext in KOhm. 
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TABLE 10-3: DC CHARACTERISTICS: PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+125°C for automotive, 
-40°C <TA<+85°C for industrial and 
~~ oC < TA < +70°C for commercial 
Operating voltage: VDD = 4.0V to 6.0V 


[Characteristic | Sym win [nypt [Max] Units] Conaitions 
Scspviotme oo [as | = [ozs] v [etna ocontgeams ———— 


fl i 
Voltage (Note 1) ~ 
guarantee Power-On Reset | 


VbD rise rate to guarantee. See section on Power-On Reset for details 
Power-On Reset 


DC CHARACTERISTICS. 
POWER SUPPLY PINS - 





Supply Current (Note 2) XT and RC options (Note 4) 
: : FOSC = 4 MHz, VbD = 5.5V 
| LP osc option, Commercial 
FOSC = 32 kHz, VDD = 2.5V, WDT disabled 
LP option, Industrial 
| Fosc = 32 kHz, VDD = 2.5V, WDT disabled 
Power Down Current (Note 3) | | 
WDT enabled uA | VDD = 2.5V, Commercial 
uA | VDD = 2.5V, Industrial 
WDT disabled uA | VDD = 2.5V, Commercial 
uA | VDD = 2.5V, Industrial 
* ___ These parameters are characterized but not fiested: 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance ony 


and are not tested. 
Note 1: This is the limit to which Vop can be lowered in SLEEP made without losing RAM data. 
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus © 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption. 


a) The test conditions for all lbp measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to Vop, TOCKI = Vop, 
MCLR = Vpp; WDT enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP - 
mode. 


3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: 
IR = Voo/2Rext (mA) with Rext in kKOhm. 


EATS A SESS TSS SS US SA SUD SES SST ARIS SS ES SASS PE ARE ASS ES EEA FOS RE AT AID 
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TABLE 10-4: DC CHARACTERISTICS: PIC16CR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LCR57A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR57A-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+125°C for automotive, 
-40°C 3 =<TA<+85°C for industrial and 
o°C < TA < +70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V 


Characteristic [Sym] Min | Typt [Max [Units] Conditions 


Input Low Voltage 
I/O ports 

MCLR 

TOCKI 

OSC1 

OSC1 


Input High Voltage 
I/O ports 


DC CHARACTERISTICS 
POWER SUPPLY PINS 


Pin at hi-impedance 


RC option only (Note 4) 
XT, HS and LP options 


For all Vop (Note 5) 

4.0V < VoD <5.5V (Note 5) 
VoD > 5.5V 

MCLR 


TOCKI RC option only (Note 4) 


XT, HS and LP options 


Input Leakage Current For VDD < 5.5V 


V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
LA 


Vss < VPIN < VDD 

Pin at hi-impedance 

VPIN = Vss +0.25V (Note 2) 
VPIN = VoD (Note 2) 

Vss < VPIN < VDD 

Vss < VPIN < VpD 

XT, HS and LP options 
Output Low Voltage 

I/O ports . loL = 8.7 mA, VDD = 4.5V 
OSC2/CLKOUT 

(RC option only) : lol = 1.6 mA, VDD = 4.5V 


Output High Voltage 

I/O ports (Note 4) . IOH = -5.4 mA, VDD = 4.5V 
OSC2/CLKOUT 

(RC option only) ; IOH = -1.0 mA, VDD = 4.5V 


t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Note 1: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

2: The leakage current on the MCLR/VprP pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current may be measured at different input 
voltages. 

3: Negative current is defined as coming out of the pin. 

4: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an 
external clock in RC mode. 

5: The user may use better of the two specifications. 








SS SE A A I SDE SS A ESS SPP PCL TE PE SES SSE IT PE SSO SEIS ETE I A TED I SION TR TE a a TSE I SEE LEED, 
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10.2 Timing Diagrams and Specifications | 





FIGURE 10-1: LOAD CONDITIONS 





Pin Xt CL 
7 


Vss Ci =50 pF for all pins except OSC2 


15 pF for OSC2 in XT, HS or 
LP modes when external clock 
is used to drive OSC1. 


Se ee em GP EE TP ST EPS IS SS I LA OAS OAS ASEE ETE IE ADOC SLEDGE 2S A ENE AA SSE STE GEES BEDE DE IESE AUER IEEE EOI ATEE BIN CEE DEAS IED TOE REDS DECC EB PP A DEEDES OE CONROE CREE RIEGEL ES OEE LI LIES ROC 
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FIGURE 10-2: EXTERNAL CLOCK TIMING 





‘<— {—' at 3! <3 1 


a an a ae 


CLKOUT \ / 





TABLE 10-5: EXTERNAL CLOCK TIMING REQUIREMENTS 





External CLKIN Frequency XT and RC osc mode 

(Note 1) HS osc mode (PIC16C5XA-04) 
HS osc mode (PIC16C5XA-10) 
HS osc mode (PIC16C5XA-20) 
LP osc mode 

Oscillator Frequency RC osc mode 

(Note 1) . ; XT ose mode 


HS ose mode (PIC16C5XA-04) 
HS osc mode (PIC16C5XA-10) 
HS ose mode (PIC16C5XA-20) 
LP osc mode 

External CLKIN Period XT and RC osc mode 

(Note 1) HS osc mode (PIC16C5XA-04) 


HS osc mode (PIC16C5XA-10) 
HS osc mode (PIC16C5XA-20) 
LP osc mode 
Oscillator Period RC osc mode 
(Note 1) XT osc mode 
HS ose mode (PIC16C5XA-04) 
HS ose mode (PIC16C5XA-10) 
HS ose mode (PIC16C5XA-20) 
._| LP osc mode 


XT oscillator 
LP oscillator 
HS oscillator 
XT oscillator 
LP oscillator 
HS oscillator 


5 Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time-base period. All specified values are based on 
characterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con- 
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin. 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 10-3: CLKOUT AND I/O TIMING 





CLKOUT 


4 
‘ 
$ 
' 
t 
’ 
' 
' 
' 


ss WLLL 


a | ) en ae } 


! 13 


1/0 Pin 


(output) new value 


—~! + 20, 21 
_ Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/O pins and CLKOUT. 





Parameter | | | 
No. Characteristic 


in 
10 TosH2ckL | OSC1T to CLKOUTI pe 
1 | TosH2ckH | OSC1T to CLKOUTT | 
2 C_- _ 
3 
4 
7 | 
oC 














1 


= 
(4 [TexdaoV _[CLKOUTT io Pot ovals SY 
7 


TosH2iol | OSC1T (Q2 cycle) to Port input invalid 
(I/O in hold time) TBD 

1 TioV20sH | Port input valid to OSC1T (I/O in setup 
| time) . TBD 


| 20 [Tio _[ Port output rise time 


TioF Port output fall time . 


. These parameters are characterized but not tested. 
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 
2: See Figure 10-1 for loading conditions. 


[2 rex [CLKOUT sete 
CLKOUT fal ime 





* 
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FIGURE 10-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING 


Internal 
POR 





DRT 
Timeout 


Internal 
RESET 


Watchdog 
Timer 
RESET 


/O pin 
(Note 1) 





TABLE 10-7: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER 


MCLR Pulse Width (low) 


Twat | Watchdog Timer Timeout Period 
(No Prescaler) 
Device Reset Timer Period 


/O Hi-impedance from MCLR Low 


These parameters are characterized but not tested. 
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
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FIGURE 10-5: TIMERO CLOCK TIMINGS 





"Nor |-symlcnarcteisic | an yp] Max 
No. Characteristic Typt 
4 TtOH | TOCKI High Pulse Width [No Prescaler | 0.5 Tcy+20*| — | — | 
Co eee” lraemeae—[ [= [= 
TOL |TOCKI Low Pulse Width ___[NoPrescaler | 0.5 tcy+20"; — | —_ 
jwvaierescalen «We 
TtOP | TOCKI Period Tey + 40* i 
N 
These parameters are characterized but not tested. | 
Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 





















0. 
41 

42 N = prescale value | 
(1, 2, 4, ..., 256) 
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11.0 ELECTRICAL CHARACTERISTICS FOR PIC16C58A/CR58A 
11.1. Absolute Maximum Ratings! 


Ambient temperature: Under Bias. ciscss sancccssceedesscsadacecsertessasedseseacosiwaakieducsideesivevadeasetaaze decdvdstousieaaceavondes - 55°C to +125°C 
DIOFAGE TEMPEST AUCs ss vsses dere vac rs, cata ieccesdecethsadets anaecascechadewncescbeeae news edecetadt cuceseeiscndendoeeapheenaieavnels - 65°C to +150°C 
Voltage ON VOD With respect tO VSS ............cccccccccccsseesesssssesesssescensestencececsnsecessedessessccececaceesceessasseceaccocensccsecssesss 0 to +7.5V 
Voltage on MCLR with respect to VSS ......cccccccsssscsscsceccecsscsecssssessescsscseseccesessscsscsssscsescsessseesseeseseecesssscesesasuse 0 to +14V 
Voltage on all other pins with respect tO VSS ..............cccsesessesessessesesssesessseneeecerescssesseeeesenseeceeeessnesees -0.6V to (VoD + 0.6V) 
Otal DOWer-CISSIPAtiOn: (NOtG 1) ecu tasos ories seh sasha cesta ince aetna casas tee Deca eee esedeh ad tied aud 800 mW 
MAX: CUPENE OUT OF VSS: DIN 5 escc seuss saece say see acek ceuwcesrcscoavcey taaivasalens saausese deadelchuutuc chess siacwneceasiccsusuus eaeanecee se eeaneece ne eeseras 150 mA 
Wax: CUIENE INL: VOD. PIN sac cesue CacecccecancuetagsvesvuuseasuuinacsetuvsexeesadaatesanendeanyveancscucceeetneaaseCesalsuennenwitedsecot a ueatsndgaetueacs 100 mA 
Max. current into an input pin (TOCKI Only)... ec cecceessseccesecsseceseeseeseessesscssecssceeensssnsessenseetesssseceeecsseseeeesneesseesess 4500 pA 
Input clamp current, lIK (VI < O OF VI > VDD) ou. ec essesscsssesscessecssessessssssssesseesssceeseesaecuessesassnsaeeessesseesseceeessaeensenss 420 mA 
Output clamp current, IOK (VO < 0 OF VO > VDD) uu... cece ceeesceseessssscssesscesscsessesscsessessesscseeaesnescessessesssecssecssenseanecseesneeseenes 420 mA 
Max: output current: Sunk: Dy any (/O DIN ssscisvecis ce cuvancnccetecdecalcsseusAaecacueeatatencesccaactevseendeiveelaennssbaeebareepaletsnoeectauee 25 mA 
Max. output current Sourced by any I/O Pin) .........cccccccscesscsscsssssessssseeeccessesessesesessssssenescssssessesneceaeeuassseeeeseseceessecees 20 mA 
Max. output current sourced by a single 1/O port | 

POE Vi vipalr saad vu cncinc aca ooo aie aia es stewie nec a ne case wcrc sc ana oa tenets eee pad chee ae aaa ee enen eds 50 mA 

POPU a setcarenste acacia a teat apace tec teste ede agua an sacua ead tig vascdem a tm ceauseedete guts wacactlegh uaedscaeeae ouies kaceuuase arias 100 mA 
Max. Output Current sunk by a single I/O port 

PO UA er rccorcet sie sees secene eacancu deta atine esteecaaduas a cewmaceweren tesusta seancaces ve-Gacealtspeccasanek teeagaeaste eden cues anaes 50 mA 

PI ee ata eras Bese eee a eee easiicatea dela gadeasec vans sua ey wu say emekavoencen aaa Naa uoeedost ax@aasenc tev sdansavcctavedexsapanskas 100 mA 


Note 1: Total power dissipation should not exceed 800 mW for the package. Power dissipation is calculated as fol- 
lows: 


Pdis = Vpp x {IDD - | 1OH} + & {(VDD-VOH) x IOH} + 2(VOL x IOL) 





en PROBA a PP SE SS A FS ESSE SEPT SAC SAE GS UST TIES PAP SATA SEH I 6S TOS DAMES ESSE AST DEE TIES IMRT ST PEE IEE RENEE ETE DTI TE A EAE IEEE SID 
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TABLE 11-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION COMME nCInE ana m 


ES 16C58A-04 16C58A-10 | 16C58A-200 16LC58A-04 


Vop: 3.0V to 6.25V 

lop: 2.5 mA max. at 5.5V 

IPD: 4 uAmax. at 3.0V — 
WDT dis 

Freq: 4 MHz max. 

XT : 3.0V to 6.25V 
: 2.5 mAmax. at 5.5V 
> 4pA max. at 3.0V 

WDT dis 
> 4MH 


Vpp: 4.5V to 5.5V Vop: 4.5V to 5.5V 
8 mA max. at 5.5V Ipp: 17 mAmax. at 5.5V 
4 pA max. at 3.0V IPD: 4 pAmax. at 3.0V 
WDT dis WDT dis 
: 10 MHz max. | Freq: 20 MHz max. 


Vbb: 2.5V to 6.25V 
: 28 yA max. at 32 kHz, 
2.5V j 
> 4pAmax. at 2.5V 
WDT dis 
: 200 kHz max. 


The shaded sections 5 indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom- 
mended that the user select the device type that guarantees the specifications required. 


TABLE 11-2: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) CON’T 


ates 16CR58A-04 16CR58A-10 16CRS58A-20 16LCR58A-04 


D: 3.0V to 6.25V 
2.5 mA max. at 5.5V 
4 pA max. at 3.0V 
WDT dis 
: 4 MHz max. 
VobD: 3.0V to 6.25V 
IpD: 2.5mA max. at 5.5V 
IPD: 4 pAmax. at 3.0V 
' WODT dis © 
Freq: 4 MHz max. 





Vbp: 4.5V to 5.5V > 4.5V to 5.5V 

ipD: 8 mAmax. at 5.5V >: 17 mAmax. at 5.5V 

IPD: 4 pAmax. at 3.0V > 4pA max. at 3.0V 
WDT dis WDT dis 

Freq: 10 MHz max. : 20 MHz max. 


VoD: 2.5V to 6.25V 
lop: 28 yA max. at 32 kHz, 
2.5V 
IPD: 4 uA max. at 2.5V 
WDT dis 
Freq: 200 kHz max. 
The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifications. It is recom- 
mended that the user select the device type that guarantees the specifications required. 





a RIEL I NAS SE TPP 2 POSS ESA TSG ET PTE OAS AA ETRE SESE A LEE TT LTTE CIS ISG EAT TENGE TEA TTT ICED SIE EE I TEESE EATS IT ESTED TOT PPE IE NITE TAIT ES, 


-DS30236A-page 2-164 © 1995 Microchip Technology Inc. 


Enhanced PIC16C5X 





TABLE 11-3: DC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-04 (COMMERCIAL, INDUSTRIAL) 
















Standard Operating Conditions (unless otherwise stated) 

Operating temperature -40°C <TA<+125°C for automotive, 
-40°C <TA<+85°C for industrial and 
0°C < TA < +70°C for commercial 

Operating voltage: VDD = 4.0V to 6.0V 


|___Characteristic____| Sym | Min |typt{Max|Units| Conditions, 
o | — |625| v_[XT.RCandLP osc configuration 


RAM Data Retention | VOR Device in SLEEP mode 
Voltage (Note 1) 
Voo start voltage to VPOR Vss ae V_ | See section on Power-On Reset for details 


DC CHARACTERISTICS 
POWER SUPPLY PINS 






























—} 0 
a}oO 
|< 


guarantee Power-On Reset 
VDD rise rate to guarantee SvppD | 0.05* fall V/ms | See section on Power-On Reset for details 


Power-On Reset 













XT and RC options (Note 4) 
FOSC = 4 MHz, VDD = 5.5V 
LP osc option, Commercial 
FOSC = 32 kHz, VDD = 3.0V, WDT disabled 
LP option, Industrial 

FOSC = 32 kHz, VDD = 3.0V, WDT disabled 





Supply Current (Note 2) 






Power Down Current (Note 3) 
WDT enabled 








VDD = 3.0V, Commercial 
VDD = 3.0V, Industrial 
VDD = 3.0V, Commercial 
VDD = 3.0V, Industrial 
‘ These parameters are characterized but not tested. : 
Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current Consumption. 






WDT disabled 


a) The test conditions for all IDD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to Vop, TOCKI = Vpp, 

MCLR = Vpp; WDT enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. 


3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and VSS. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: 
IR = Vpop/2Rext (mA) with Rext in kKOhm. 


TL SPST OIE A BLS BORE SE TESS SS APT Et TIE DESC TES LL EA POE APTS ATOLL EEA REEL 5 DTT I EE 2 TC REDS ES SE EI ET STE TTT TTT TOOTS oS TTT AEDS L EST IE TOSS 
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TABLE 11-4: DC CHARACTERISTICS: PIC16C58A-10 (COMMERCIAL, INDUSTRIAL) 
| PIC16C58A-20 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-20 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions (unless otherwise stated) _ 
Operating temperature -40°C <TA<+125°C for automotive, 
-40°C <TAS<+85°C for industrial and 
| OC. =< TAS +70°C for commercial —— 
Operating voltage: VoD = 4.0V to 6.0V 


Characteristic a es 
V T, RC and LP osc configuration 
ae osc configuration 
Device in SLEEP mode 
Vop start voltage to 
guarantee Power-On Reset V_ | See section on Power-On Reset for details 


VDD rise rate to guarantee 

Power-On Reset See section on Power-On Reset for details 
Supply Current (Note 2) XT and RC options (Note 4) 
: : FOSC = 4 MHz, VbdD = 5.5V 
LA 
LA 
LA 
uA 


DC CHARACTERISTICS 
POWER SUPPLY PINS 


HS option 
FOSC = 10 MHz, VDD = 5.5V 
Ls FOsc = 20 MHz, VpbD = 5.5V 


Power Down Current (Note 3) 





WDT enabled VDD = 3.0V, Commercial 
VDD = 3.0V, Industrial 
WOT disabled VDD = 3.0V, Commercial 
VDD = 3.0V, Industrial 
o These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 


and are not tested. 
Note 1: . This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption. 


a) The test conditions for all lbD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to Vop, TOCKI.= Vpp, 

MCLR = Vpp; WDT enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. | 


3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vss. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 
formula: 
IR = Vod/2Rext (mA) with Rext in kKOhm. 


9 a TTS PER 2S EE SA PAT PE 2 EE YDB ADA ATS PI GHSERFE TI AA ECA ETA ES CEE 2S BSR EE TSP A PE RRA ACP AE ECLA OE SESS PAIR MEO, 


DS30236A-page 2-166 © 1995 Microchip Technology Inc. 


Enhanced PIC16C5X 





TABLE 11-5: DC CHARACTERISTICS: PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LCR58A-04 (COMMERCIAL, INDUSTRIAL) 


Standard Operating Conditions (unless otherwise stated) 
DC CHARACTERISTICS Operating temperature “40 C <TAS +125 C for automotive, 
POWER SUPPLY PINS -40°C <TA<+85°C for industrial and 
0°C < TA < +70°C for commercial 
Operating voltage: VDD = 4.0V to 6.0V 


Supply Voltage 2.5 oe JNO 25 | Ve XT, RC and LP osc configuration 


RAM Data Retention 
Voltage (Note 1) Device in SLEEP mode 


VbD start voltage to 
guarantee Power-On Reset VPOR V_ | See section on Power-On Reset for details 


VDD rise rate to guarantee 
Power-On Reset SvpDD j 0.05* V/ms | See section on Power-On Reset for details 


Supply Current (Note 2) XT and RC options (Note 4) 
: mA | FOSC = 2 MHz, VoD = 5.5V 
LP option, Commercial 
UWA | Fosc = 32 kHz, VDD = 2.5V, WDT disabled 
LP option, Industrial 
uA | Fosc = 32 kHz, VbD = 2.5V, WDT disabled 


Power Down Current (Note 3) 
WDT enabled 


VDD = 2.5V, Commercial 
VpbD = 2.5V, Industrial 
VpD = 2.5V, Commercial 
VDD = 2.5V, Industrial 


WDT disabled 


These parameters are characterized but not tested. 
Tt Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 
loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on 
the current consumption. 


a) The test conditions for all IbD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to Vop, TOCKI = Vbp, 

MCLR = Vpp; WDT enabled/disabled as specified. 

b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP 
mode. 


3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss. 

4: RC mode does not include current through Rext. The current through the resistor can be estimated by the 

~ formula: | 
IR = Vop/2Rext (mA) with Rext in kKOhm. 


A AP PE SS A TESS IS PSST AAO A SAA AP RESP A IE I SR PEI OER ENC I I SY ET EE SSIES ETE 


© 1995 Microchip Technology Inc. DS30236A-page 2-167 








Enhanced PIC16C5X 





TABLE 11-6: DC CHARACTERISTICS: PIC16C58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LC58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16C58A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16C58A-20 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16LCR58A-04 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-10 (COMMERCIAL, INDUSTRIAL) 
PIC16CR58A-20 (COMMERCIAL, INDUSTRIAL) 


_ Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+125°C for automotive, 
) -40°C <TA<+85°C for industrial and 
0°;C  <TAS+70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V 


DC CHARACTERISTICS 
| POWER SUPPLY PINS 


input Low Voltage | | | | 

| 1/O ports | ‘ | Pin at hi-impedance 
MCLR 
TOCKI 


‘1osct1 
OSC1 


Input High Voltage 
I/O ports 


RC option only (Note 4) 
XT, HS and LP options 


For all Vop (Note 5) 


4.0V < Vop< 5.5V (Note 5) 
Vpp > 5.5V 


MCLR 
TOCKI | oO. RC option only (Note 4) 


XT, HS and LP options 
Input Leakage Current | | For VDD <5.5V 


Vss < VPIN < VDD 
Pin at hi-impedance . 
| VPIN = VSS +0.25V (Note 2) 
VPIN = VDD (Note 2) 
Vss < VPIN <.VDD 
Vss < VPIN< VDD | 
XT, HS and LP options 
Output Low Voltage . 
I/O ports : IOL = 8.7 mA, VDD = 4.5V 
OSC2/CLKOUT | | Beng 7 
(RC option only) , | : 1OL = 1.6 mA, VDD = 4.5V 
Output High Voltage | pia 
I/O ports (Note 4) 
OSC2/CLKOUT 
(RC option only) : IOH = -1.0 mA, VDD = 4.5V 
t Data in “Typ” column is at BV, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Note 1: Total power dissipation as stated under absolute maximum ratings must not be exceeded. 
2: The leakage current on the MCLR/VPrP pin is strongly dependent on the applied voltage level. The specified 
levels represent normal operating conditions. Higher leakage current may be measured at different input 
_ voltages. 
3: Negative current is defined as coming out of the pin. 
4: In RC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input. Do not drive the PIC16C54A with an 
external clock in RC mode. 
5: The user may use better of the two specifications. 


IOH = -5.4 mA, VDD = 4.5V 
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11.2 Timing Diagrams and cification 


FIGURE 11-1: LOAD CONDITIONS 


Ct = 50 pF for all pins except OSC2 
15 pF for OSC2 in XT, HS or 
LP modes when external clock 
is used to drive OSC1. 
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FIGURE 11-2: EXTERNAL CLOCK TIMING 


CLKOUT 





TABLE 11-7: EXTERNAL CLOCK TIMING REQUIREMENTS 


ives call tara OD foal Maia! Teall ney jee 
Fosc External CLKIN Frequency XT and RC osc mode 
(Note 1) HS osc mode (PIC16C58A-04) 
HS osc mode (PIC16C58A-10) 
HS osc mode (PIC16C58A-20) 
LP osc mode 
Oscillator Frequency RC osc mode 
(Note 1) XT osc mode 
HS osc mode (PIC16C58A-04) 
HS osc mode (PIC16C58A-10) 
: HS osc mode (PIC16C58A-20) 
LP osc mode 
External CLKIN Period XT and RC osc mode 
(Note 1) HS osc mode (PIC16C58A-04) 
HS osc mode (PIC16C58A-10) 
HS osc mode (PIC16C58A-20) 
LP osc mode 
i A Te 
Os wa Clock in (OSC1) = or High Time 
TosR, TosF | Clock in (OSC1) Rise or Fall Time 
LP oscillator 
HS oscillator 
4 Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: Instruction cycle period (TCy) equals four times the input oscillator time-base period. All specified values are based on 
characterization data for that particular oscillator type under standard operating conditions with the device executing 
code. Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current 


RC osc mode 
XT osc mode 

consumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1/CLKIN pin. 

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 





































































Oscillator Period 
(Note 1) 

HS osc mode (PIC16C58A-04) 
HS osc mode (PIC16C58A-10) 
HS osc mode (PIC16C58A-20) 
LP osc mode 






XT oscillator 
LP oscillator 
HS oscillator 
XT oscillator 
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FIGURE 11-3: CLKOUT AND I/O TIMING 
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Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/O pins and CLKOUT. 





TABLE 11-8: CLKOUT AND I/O TIMING REQUIREMENTS 


Parameter 
No. Sym Characteristic 


















[atest [oscitiootxourt id 
[a frewYetKoursetine Sd 
[8 rear Yeckour tains 
[16 [Texel —|PoninfodatercuKoUTT if 
: = 
| 
TBD 
TBD 
= 
= 


OSC1T (Q2 cycle) to Port input invalid 
(I/O in hold time) 





7 TosH2ioV | OSC1T (Q1 cycle) to Port out valid 


8 TosHZ2iol 
TioV20sH 
(1/C in setup time) 


i 
0 Port output rise time 
" These parameters are characterized but not tested. 
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x TOSC. 
2: See Figure 11-1 for loading conditions. 







Port input valid to OSC1T 





ed 


Port output fall time 
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FIGURE 11-4: RESET, WATCHDOG TIMER, AND DEVICE RESET TIMER TIMING 





Internal 
POR 


DRT 
Timeout 


Internal 
RESET 


Watchdog 
Timer 
RESET 


I/O pin 
(Note 1) 


3 


TmeL | VDD = SV, -40°C to +125°C 
(PIC16C58A) 
. VbD = 5V, -40°C to +125°C 
(PIC16CR58A) 


0 

1 Twdt | Watchdog Timer Timeout Period VDD = 5V, -40°C to +125°C 
(No Prescaler) 

2 


Device Reset Timer Period Vop = 5V, -40°C to +125°C 


34 /O Hi-impedance from MCLR Low 


These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 


3 
3 
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FIGURE 11-5: TIMERO CLOCK TIMINGS 





TABLE 11-10: TIMERO CLOCK REQUIREMENTS 


PNos | sym |charactrstc | win | ya 
No. Sym | Characteristic Typt 
TtOH |TOCKI High Pulse Width 
aS ae 
TtOL | TOCKI Low Pulse Width [No Prescaler =| 0.5 Tcy +20*| — | 

eS fears f= 























4 
4 







N = prescale value 
(1, 2, 4, ..., 256) 


0 
1 
42 TtOP | TOCKI Period Tey + 40* 


N 


These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
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NOTES: 
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12.0 DC AND AC CHARACTERISTICS 


The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. In some 
graphs or tables the data presented are outside specified operating range (e.g. outside specified VDD range). This is 
for information only and devices are guaranteed to operate properly only within the specified range. 


The data presented in this section is a statistical summary of data collected on units from different lots over a period of 
time. "Typical" represents the mean of the distribution while "max" or "min" represents (mean + 35) and (mean - 30) 
respectively where o is standard deviation. 


FIGURE 12-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE 


Fosc Frequency normalized to +25°C AX 
Fosc (25°C) 


4.973 MHz 
3.82 MHz 
2.22 MHz 
262.15 kHz 
1.63 MHz 












3.3k 











5k 1.19 MHz 
10k 684.64 kHz 

100k 71.56 kHz 

300 pF 3.3K 660.0 kHz 
5k 484.1 kHz 
10k 267.63 kHz 

160k 29.44 kHz 


The frequencies are measured on DIP packages. 


The percentage variation indicated here is part to part variation due to normal process distribution. The variation indicated is +3 stan- 
dard deviation from average value for VDD = 5V. 
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FIGURE 12-2: TYPICAL RC OSCILLATOR FIGURE 12-3: TYPICAL RC OSCILLATOR 
FREQUENCY vs. Vppb | FREQUENCY vs. Vpp 
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FIGURE 12-5: TYPICAL IPD vs. VpD FIGURE 12-7: TYPICAL IPD vs. VoD 
WATCHDOG DISABLED 25°C WATCHDOG ENABLED 25°C 
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FIGURE 12-6: MAXIMUM IPD vs. Vop ~~ MAXIMUM IppD vs. VoD 


q 





Blll| 
all 
oh 
aill| 
oh 
| 
| 
Va 
4 


Ct Ghil| 
ZB)! 


“a 


\ 


POVNET LTT 


CECE. 
10 re = = a 
SSS See 
oe ee ee —7_| 
3 oe Via 
S 
me 
of 





\ 
} 
( 
i 
) 
{ 


n@ 


i 
ih 
} 
TASS 
CHESS 


COT SPAN 
CCITT ASIN AS TL 


IN 
LY] | | | | 


25 30 35 40 45 50 55 60 . 40 45 50 55 60 
VoD (Volts) . VDD (Volts) 


o 
o 
34 
° 


IPD, with WDT enabled, has two components: 

The leakage current which increases with higher temperature, 
and the operating current of the WDT logic which increases 
with lower temperature. At -40°C, the latter dominates 
explaining the apparently anomalous behavior. 
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FIGURE 12-9: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs. VoD 
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FIGURE 12-11: VTH (NPUTTHRESHOLD VOLTAGE) OF I/O PINS vs. Vpp 
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FIGURE 12-12: TYPICAL IpD vs. FREQUENCY (EXTERNAL CLOCK 25°C) 
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FIGURE 12-13: MAXIMUM Ipp vs. FREQUENCY (EXTERNAL CLOCK -40°C TO +85°C) 
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FIGURE 12-14: MAXIMUM Ipp vs. FREQUENCY (EXTERNAL CLOCK -55°C TO +125°C) 
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FIGURE 12-15: WOT TIMER TIME-OUT FIGURE 12.1: TRANSCONDUCTANCE (gm) 
PERIOD vs. Vop ; Qe OF HS OSCILLATOR vs. Vop 
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FIGURE 12-17: TRANSCONDUCTANCE (gm) FIGURE 12-19: TRANSCONDUCTANCE (gm) 
OF LP OSCILLATOR vs. Vpp OF XT OSCILLATOR vs. Vpp 
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FIGURE 12-18: IOH vs. VOH, VDD = 3V. 
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FIGURE 12-21: IOL vs. VOL, VpD = 3V FIGURE 12-22: IOL vs. VOL, VDD = 5V 
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13.0 DEVELOPMENT SUPPORT 
13.1 Development Tools 


The P!IC16/17 microcontrollers are supported with a full 
range of hardware and software development tools: 
¢ PICMASTER® Real-Time In-Circuit Emulator 

e PRO MATE™ Universal Programmer 

¢ PICSTART® Low-Cost Prototype Programmer 

e PICDEM-1 Low-Cost Demonstration Board 

e PICDEM-2 Low-Cost Demonstration Board 

¢ MPASM Assembler 

e MPSIM Software Simulator 

¢ C Compiler (MP-C) 

Fuzzy logic development system 
(fuzzyTECH®—MP) 


13.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is 
intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura- 
tion is shown in Figure 13-1. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 386 (and better) machines in the Microsoft 
Windows™ 3.x environment. Thus, allowing the opera- 
tor access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen- 
erally found on more expensive development tools. The 
AT platform and Windows 3.x environment was chosen 
to best make these features available to you, the end 
user. 


The PICMASTER Universal Emulator System consists 
primarily of four major components: 


¢ Host-Interface Card 

e Emulator Control Pod 

+ Target-Specific Emulator Probe 

e PC-Host Emulation Control Software 


The Windows 3.x operating system allows the devel- 
oper to take full advantage of the many powerful fea- 
tures and functions of the PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


PC-Host Emulation Control software takes full advan- 
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.x, two or more PICMASTER emula- 
tors can be run simultaneously from the same PC mak- 
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16CXX pro- 
cessor and a PiIC17CXX processor). 


The PICMASTER probes specifications are shown in 
Table 13-1. 


FIGURE 13-1: PICMASTER SYSTEM CONFIGURATION 
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TABLE 13-1: PICMASTER PROBE SPECIFICATION 














PROBE 


Maximum Operating 
Frequency |. Voltage 


PICMASTER Probe Devices Supported 





PROBE-16B PIC16C71 | 10 MHz 4.5V -5.5V 
PROBE-16C {|PIC16C84_ 10 MHz 4.5V -5.5V 


PROBE-16D PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20 MHz 4.5V -5.5V 
PIC16C56, PIC16C57, PICI6CRS7A, PIC16C58A, and 
PIC1G6CR58A 


10 MHz 
|__PROBE-16H | PIC16C620, PICi6Cé21 andPiciece2z2_ | 10 MHz_— | 4.5V-5.5V_| 


* PROBE-16F indirectly supports the PIC16C65. 
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13.3 PRO MATE: Universal Programmer 


The PRO MATE Universal Programmer is a full-fea- 
tured programmer capable of operating in stand-alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable VppD and VPP sup- 
plies which allows it to verify programmed memory at 
VDD min and VDD max for maximum reliability. It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand- 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect bits in this 
mode. 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. Full screen display and editing of data, 
easy selection of fuse configuration and part type, easy 
selection of VDD min, VDD max and VpP levels, load and 
store to and from disk files (Intel® hex format) are some 
of the features of the software. Essential commands 
such as read, verify, program and blank check can be 
issued from the screen. Additionally, serial program- 
ming support is possible where each part is pro- 
grammed with a different serial number, sequential or 
random. 


The PRO MATE has a modular “programming socket 
module”. Different socket modules are required for dif- 
ferent processor types and/or package types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


13.4 PICSTART Low-Cost Development 
System 


The PICSTART programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS-232) ports. A PC-based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. PICSTART is not recommended for pro- 
duction programming. 


13.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 


The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip’s microcontrol- 
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PiIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro- 
controllers provided with the PICDEM-1 board, ona 
PRO MATE or PICSTART-16B programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. 
Additional prototype area is available for the user to 
build some additional hardware and connect it to the 
microcontroller socket(s). Some of the features include 
an RS-232 interface, a potentiometer for simulated 
analog input, push-button switches and eight LEDs 
connected to PORTB. 


13.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 


The PICDEM-2 is a simple demonstration board that 
supports the PIC16C63, PIC16C64, PIC16C65, 
PIC16C73 and PIC16C74 microcontrollers. All the 
necessary hardware and software is included to 
run the basic demonstration programs. The user 
can program the sample microcontrollers provided 
with the PICDEM-2 board, on a PRO MATE pro- 
grammer or PICSTART-16C, and easily test firmware. 
The PICMASTER emulator may also be used with the 
PICDEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi- 
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter- 
face, push-button switches, a potentiometer for simu- 
lated analog input, a Serial EEPROM to demonstrate 
usage of the IC bus and separate headers for connec- 
tion to an LCD module and a keypad. 
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13.7 Assembler (MPASM) 


The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ- 
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami- 
lies. 


MPASM offers full featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. | 


MPASM allows full symbolic debugging from 
the Microchip Universal Emulator System 
(PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. | 


¢ Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

e Macro assembly capability | 

Produces all the files (Object, Listing, Symbol, 


and special) required for symbolic debug with 
Microchip’s emulator systems. 


Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language rep- 
resented by four basic classes of directives: 


e Data Directives are those that control the alloca- 
tion of memory and provide a way to refer to data 
items symbolically, i.e., by meaningful names. 
Listing Directives control the MPASM listing dis- 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 
Control Directives permit sections of condition- 
ally assembled code. 
e Macro Directives control the execution and data 
allocation within macro body definitions. 


13.8 Software Simulator (MPSIM) 


The MPSIM Software Simulator allows code develop- 
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 
examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 


TABLE 13-2: 







DEVELOPMENT SYSTEM PACKAGES 
4. |PICMASTERSysten System . PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft- __ In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft- 
ware Simulator, Samples and your choice of Target Probe. 
PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 
3. | PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro- 
grammer, Assembler, Simulator 


radix can be set by the user and the execution can be 
performed in; single step, execute until break, or ina 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 


13.9 C Compiler (MP-C) 


The MP-C Code Development System is a complete 'C' 
compiler and integrated development environment for 
Microchip’s PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER. Universal Emulator memory display 
(emulator software versions 1.13 and later). 


The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can- 
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 


13.10 Fuzzy Logic Development System 
fuzzyTECH-MP 


fuzzyTECH-MP fuzzy logic development tool is avail- 
able in two versions - a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design; and 
a full-featured version, fuzzyTECH-MP Edition, for 
implementing more complex systems. | 


Both versions include Microchip’s fuzzyv_AB™ demon- 
stration board for hands-on experience with fuzzy logic 
systems implementation. 


13.11 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 13-2. 
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14.0 PACKAGING INFORMATION 


For Package Dimension, 
please refer to the Packaging Section of the Data Book. 
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14.1 Package Marking Information 


18L PDIP 


MMMMMMMMMMMMXXX 
MMMMMMMMXXXXXXXX 





® AABB CAE 


18L SOIC 


XXXXXXXX 
XXXXXXXX 


-)S AABB CAE 





28L SOIC 


MMMMMMMMMMMMMMMMMMXX 
XXXXXXXXXXXXXXXXKXXXXKXXK 





0 &}) AABB CAE 


28L PDIP (.300 MIL) 


XXXXXXXXXXXXXXX 
C) XXXXXXXXXXXXXXX 


> AABB CAE 





28L SSOP 


XXXXXXXXXXXX 
XXXXXXXXXXXX 





O ©) AABB CAE 


20L SSOP 


XXXXXXXX 
XXXXXXXX 


PIC16C54A 


C) 201/P 


® 9123 CAA 





Example 


PIC16C54A 
041/S0218 


~S 9118 CAK 





Example 


PIC16CRS7A 
041/S0495 





O } 9051 CAK 


Example 


PIC16CR57A 


@ 041/P456 


® 9123 CAA 





Example 


PIC16CR57A 
201/P784 





0 ®) 9225 CAK 


Example 


PIC16C54A 
10/SS 


~)S AABB CAE ~S 9051 CAP 


Microchip part number information 
Customer specific information” 

Year code (last 2 digits of calender year) 
Week code (week of January 1 is week '01’) 


Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 


Mask revision number for microcontroller 
Mask revision number for EEPROM 


Assembly code of the plant or country of origin in which 
part was assembled. 


In the event the full Microchip part number cannot be marked on one 
line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information. 





* 


Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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14.2 Package Marking Information (Cont. 


28L PDIP (.600 mil) Example 
| MMMMMMMMMMMMXXX | | PIC16CR57A | 
MMMMMMMMXXXXXKXXX O4i/P 126 
XXXXXXXXXXXXXXXXKXK 
AABB CAE O O 9042 CAA O 


AN MICROCHIP AN MICROCHIP 





18L CERDIP 


MMMMMMMM 


PICI6CS54A 
AN MMMMMMMM 


S o4\/JW 
MICROCHIP 9101 CAA 


MiCROCHIP AABB CAE 





Microchip part number information 
Customer specific information* 

Year code (last 2 digits of calender year) 
Week code (week of January 1 is week '01’) 


Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 


Mask revision number for microcontroller 
Mask revision number for EEPROM 


Assembly code of the plant or country of origin in which 
part was assembled. 


In the event the full Microchip part number cannot be marked on one 
line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information. 





* 


Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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NOTES 
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APPENDIX A: COMPATIBILITY APPENDIX B: WHAT’S NEW 
To convert code written for PIC16CXX to PIC16C5X, The format of this data sheet has been changed to be 
the user should take the following steps: consistent with other product families. This ensures 
1. Check the CALL, GOTO instructions or any that important topics are covered across all pee 
instruction that modifies the PC to determine if families. Here is an overview list of new features: 
any program memory page select operations ¢ Data Sheet Structure / Outline 
(PA2, PA1, PAO bits) need to be made. ¢ Addition of PIC16C58A 


2. Revisit any computed jump operations (write to 

PC or add to PC, etc.) to make sure page bits 

are set properly under the new scheme. 

Eliminate any special function register page 

switching. Redefine data variables to reallocate 

them. 

4. Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

5. Change reset vector to proper value for proces- 
sor used. 

6. Remove any use of the ADDLW and SUBLW 
instructions. 


7. Rewrite any code segments that use interrupts. 


co 
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APPENDIX C: WHAT’S CHANGED 


To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This is so that control 
bits that do the same function have the same name 
(regardless of processor family). Care must still be 
taken, since they may not be in the same special func- 
tion register. The following shows the register and bit 
names that have been changed: 


REGISTER NAME CHANGES 


OLDNAME | NEWNAME 
parc RO 


BIT NAME CHANGES 


OLD NAME __[NEWNAME 


PIN NAME CHANGES 


OLD NAME 
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Features 


Clock Peripherals 










~S 

PIC17C42 TMRO,TMR1, 55 
TMR2,TMR3 

PIC17C43* 25 | 4K | 454 JTMRO,TMR1,;2;2;) Yes | Yes 33 | 2.5-6.0 | 58 
TMR2,TMR3 

PIC17C44 25 54 JTMRO,TMR1,/2/2} Yes | Yes} 11 | 33 
TMR2,TMR3 

* Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capa- 
bility. 


2: The PIC17C4X devices can also operate in microprocessor and external microcontroller modes. 
3: PORTB has software-configurable weak pull-ups. 





2K | 232 







40-pin DIP, 44-pin PLCC, 44-pin QFP 










40-pin DIP, 44-pin PLCC, 44-pin QFP 





-b-d 318VLl 
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p61-z ebed-yvoezoesa 


‘oul ABojouyoe| diyoooIyy S6B6L © 




























































8-pin DIP, 18-pin SOIC 


1 
28-pin SDIP, 28-pin SOIC 


3 3.0-6.0 
id ae 
3.0-6.0 


% é / 
S 
ew ee ee eee 
128 TMRO, 2 | SPI/I2C 
TMR1, TMR2 | 
TMRO, SPI/2C/ 
TMR1, TMR2 SCI 
128 TMRO, | 1|SPI42c | Yes 
TMR1, TMR2 


PIC16C61 20 


20 


w 


4 2 


uv vy 6D 

of Oo] 8 

Oo (o>) ©) 

QO O ‘@) 

(o>) Oo oO) 

oe) N 
x * 

-S ie) hb Nm; — 





fae 40-pin DIP, 44-pin PLCC, 44-pin QFP 





aoe Ez 
ilk i 
baal bs Dt | 
iad fel i i ae 
PIC16C65 20 192 TMRO, SPI/I2C/| Yes 11 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 SCI 
sa{— [a0 [= |twro | = [= [=] [ves] 4 | 13 | 3060 | Ves 
picteceat"| 20 | 1K | — | eo |—[twRo =| = | — | — [2 | Yes [4 | 13 | 8060 | Yes | fein DIP, Té-pin SOIC, 20-pin SSOP 
provecezs [20 [aK | — | 128 |— ino [=| — | — | — [2 | ves [4 | 13 | 3060 | Yes 
provecrt_ [20 [1K | — | 36 [—[rwRo [=| = | = [aon | = | J 4 [8 [ 8080 | — [renin dP, 1epin SOIC 
PIC16C73 4K 192 TMRO, 2 | SPI/2C/ 5Sch 11 3.0-6.0 28-pin SDIP, 28-pin SOIC 
TMR1, TMR2 SCl 
PIC16C74 4K 192 TMRO, 2|SPI/2C/| Yes | &ch 12 | 33 | 3.0-6.0 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 |. SCI 
Picteces | 70 f— [IK] 36 [es frwRo | | 8 [20-80 | — rein biP Ten OIG CS 


*Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability. 
2: The PIC16CXX Timer has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 
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Features 









Peripherals 


PIC16C54 | 
PIC16C54A 
PIC16CR54 
PIC16C55 
PIC16C56 
PIC16C57 
PIC16CR57A 
PIC16C58A | 


Ee [2.5-6.25 | 33 

= [28825] <6 |i-pn, Ten SOI, in SSOP 

= [2 [ro [20 28-025 [28 [pein DP 28-n S00 28 pn SSOP 
}— |2k] 72 | TMRO | 20 33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP 

Real 





ol 
peal 
N 










TMRO | 2.5-6.25 | 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP 





NO 
S 





PIC16CR58A  2.0-6.25 | 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP 
Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current 
capability. 
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D.1 Pin Compatibility 


Devices that have the same package type; and VDD, 
Vss, and MCLR pin locations, are said to be pin com- 
patible. This allows these different devices to operate in 
the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 
PIC16C61 devices). Not all devices in the same pack- 
age size are pin compatible; for example, the 
PIC16C62 is compatible with the PIC16C63, but not the 
PIC16C55. | 


Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an A/D converter, weak pull-ups on PORTB, or inter- 
rupts. 





TABLE D-4: PIN COMPATIBILE DEVICES 


Pin Compatible Devices 


PIC16C61, —_ 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, | 
PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CRS58A 


















PIC16C64, PIC16C65, PIC16C74 





ib 

io) 
So 

5 
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CONNECTING TO MICROCHIP BBS 


Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In most 
cases a local call is your only expense. The Microchip 
BBS connection does not use CompuServe member- 
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


There is no charge for connecting to the BBS, except 
toll charge to CompuServe access number, where 
applicable. You do not need to be a CompuServe 
‘member to take advantage of this connection (you 
never actually log in to CompuServe). 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe Trademarks: 


service allows multiple users at baud rates up to 14400 PICMASTER and PICSTART are r egistered 
bps. trademarks of Microchip Technology Incorporated. 


The following connect procedure applies in most loca- PIC is a registered trademark of Microchip 

tions: | Technology Incorporated in the U.S.A. 

1. Set your modem to 8 bit, No parity, and One stop PRO MATE, fuzzyLAB, the Microchip logo and 
(8N1). This is not the normal CompuServe set- name are trademarks of Microchip Technology 
ting which is 7E1. . Incorporated. 

2. Dial your local CompuServe access number: ; fuzzyTECH is a registered trademark of Inform 

3. Depress <ENTER.!> and a garbage string will Software Corporation. 
appear because CompuServe is expecting a me 
7E1 setting. [°C is a trademark of Philips Corporation. 

4. ‘Type +, depress <ENTER> and Host Name: IBM, IBM PC-AT are registered trademarks of 
will appear. Intemational Business Machines Corp. 


5. Type MCHIPBBS, depress < ENTER.! > and 
you will be connected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial 


_ Pentium is a trademark of Intel Corporation. 


MS-DOS and Microsoft Windows are registered 
trademarks of Microsoft Corporation. Windows is a 


(800) 848-4480 for 300-2400 baud or (800) 331-7166 trademark of Microsoft Corporation. 

for 9600-14400 baud connection. After the system CompuServe is a registered trademark of 
responds with Host Name:, type | CompuServe Incorporated. 

NETWORK, depress < ENTER. > All other trademarks mentioned herein are the 
and follow CompuServe's directions. property of their respective companies. 





For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 





DS30236A-page 2-200 © 1995 Microchip Technology Inc. 


Enhanced PIC16C5X 





READER RESPONSE 


It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod- 
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 


Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 


To: Technical Publications Manager Total Pages Sent 
RE: Reader Response 


From: Name 


Company 
Address 
City / State / ZIP / Country 


Telephone: ( ) - FAX: ( ) - 
Application (optional): 


Would you like a reply? Y N 


Device: Enhanced PIC16C5X Literature Number: DS30236A 


Questions: 


1. What are the best features of this document? 


2. How does this document meet your hardware and software development needs? 


3. Do you find the organization of this data sheet easy to follow? If not, why? 


4. What additions to the data sheet do you think would enhance the structure and subject? 


5. What deletions from the data sheet could be made without affecting the overall usefullness? 


6. Is there any incorrect or misleading information (what and where)? 


7. How would you improve this document? 


8. How would you improve our software, systems, and silicon products? 
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Enhanced PIC16C5X Product Identification System 


To order or obtain information, e.g., on pricing or delivery refer to the factory or the listed sales office. 





PART NO. -XX X /XX XXX - | == Examples | 
| ~ L-ppattern: _ QTP, SQTP, ROM Code or Special Requirements |a) PIC16C54A- 104/p 









Package: P = PDIP 301: Commercial — 
er SO = _ SOIC (Gull Wing, 300 milbody) Temp., PDIP Pack- 
oo = iter pes age, 4 MHz, normal 
= Windowe oe : 
SPE Skinny SDIP (300 mil) ee ere 
Tem perature = = 0°C to +70°C : b) PIC1 6LC58A = 041/SO 
Range: | = 40°C to +85°C | Industrial Tem . 
E = -40°C to +125°C (PIC16C54A only) p., 
SOIC package, | 
Frequency re = 4 Mriz 4 MHz, extended VoD 
Range: 10 = 10 MHz lirnits 
| 20 = 20MHz ml 
Device PIC16C5XAT: :Standard Vop range (Tape/Reel) |°) PICT6CRS7A - 10E/ 
PIC16LC5XA_ :Extended Vpp range P35k: ROM program 
PIC16CR5XA :ROM Version, Standard VDD range memory, Automotive 
PIC16LCR5XA:ROM Version, Standard Vpp range Temp., PDIP pack- 
. age, 10 MHz, normal 
VDD limits. 


Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 





1. Your local Microchip sales office 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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EPROM-Based 8-Bit CMOS Microcontroller 





Devices included in this data sheet are: 


e PIC16C620 
« PIC16C621 
e PIC16C622 


FEATURES 
High Performance RISC-like CPU 


¢ Only 35 instructions to learn 
e All single cycle instructions (200ns), except for 
program branches which are two-cycle 


¢ Operating speed: 
Data 
Memory 


- DC - 20MHz clock input 
- DC - 200ns instruction cycle 


Program 
Memory 
PiIC16C620 512 


PIC16C621 | 
PIC16C622 














: 


e Interrupt capability 

e 16 special function hardware registers 

¢ 8 level deep hardware stack 

e Direct, Indirect and relative addressing modes 


Peripheral Features 


e 13 1/0 pins with individual direction control 
¢ High current sink/source for direct LED drive 
e Analog comparator module with: 
- 2 analog comparators 
- Programmable on-chip voltage reference 
(VREF) module 
- Programmable input multiplexing from device 
inputs and internal voltage reference 
- Comparator outputs can be output signals 
e TMRO: 8-bit timer/counter with 8-bit programma- 
ble prescaler 


Special Microcontroller Features 


¢ Power-on-reset (POR) 

e Power-up Timer (PWRT) and Oscillator start-up 
timer (OST) 

¢ Brown-out protection 

¢ Watchdog timer (WDT) with its own on-chip RC 
oscillator for reliable operation 





PACKAGE TYPE 


| PDIP, SOIC, Windowed CERDIP | 
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Special Microcontroller Features (Continued) 


e Programmable code protection 
e Power saving SLEEP mode 

e Fuse selectable oscillator options 

¢ Serial in-system programming (via two pins) 
e 4 user programmable ID locations 


CMOS Technology 


e Low-power, high-speed CMOS EPROM technology 
e Fully static design 
e Wide operating voltage range 
- 3.0V to6.0V 
e Commercial and industrial temperature range 
e Low power consumption 
- <2mA @ SV, 4 MHz 
- 15 uA typical @ 3V, 32 KHz 
- <1 A typical standby current @ 3V 
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1.0 GENERAL DESCRIPTION 


The PIC16C62X are 18-Pin EPROM-based members 
of the versatile PIC16CXX family of low-cost, high-per- 
formance, CMOS, fully-static, 8-bit microcontrollers. 


All PIiC16/17 microcontrollers employ an advanced 
RISC-like architecture. The PIC16C62X have 
enhanced core features, eight-level deep stack, and 
multiple internal and external interrupt sources. The 
separate instruction and data buses of the Harvard 
architecture allow a 14-bit wide instruction word with 
the separate 8-bit wide data. The two stage instruction 
pipeline allows all instructions to execute in a single 
cycle, except for program branches (which require two 
cycles). A total of 35 instructions (reduced instruction 
set) are available. Additionally, a large register set gives 
some of the architectural innovations used to achieve a 
very high performance. | 


PIC16C62X microcontrollers typically achieve a 2:1 
code compression and a 4:1 speed improvement over 
other 8-bit microcontrollers in its class. 


The PIC16C620 and PIC16C621 have 80 bytes of 
RAM. The PIC16C622 has 128 bytes of RAM. Each 
device has 13 I/O pins and an 8-bit timer/counter with 
an 8-bit programmable prescaler. In addition, the 
PIC16C62X add two analog comparators with a pro- 
grammable on-chip voltage reference module. The 
comparator module is ideally suited for applications 
requiring a low-cost analog interface, e.g. battery 
chargers, threshold detectors, white goods controllers 
etc. 


The PIC16C62X have special features to reduce exter- 
nal components, thus reducing cost, enhancing system 
reliability and reducing power consumption. There are 
four oscillator options, of which the single pin RC oscil- 
lator provides a low-cost solution, the LP oscillator min- 
imizes power consumption, XT is a standard crystal, 
and the HS is for High Speed crystals. The SLEEP 
(power-down) mode offers power saving. The user can 
wake up the chip from SLEEP through several external 
and internal interrupts and reset. 


A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software lock- 


up. 


A UV-erasable CERDIP-packaged version is ideal for 
code development while the cost-effective One-Time 
Programmable (OTP) version is suitable for production 
in any volume. 


Table 1-1 shows the features of the PIC16C620, 
PIC16C621 and PIC16C622 as well as the other mem- 
bers of the PIC16CXX mid-range microcontroller 
family. 


A simplified block diagram of the PIC16C62X is shown 
in Figure 3-1. 


The PIC16C62X series fit perfectly in applications rang- 
ing from battery chargers to low-power remote sensors. 
The EPROM technology makes customization of appli- 
cation programs (detection levels, pulse generation, 
timers, etc.) extremely fast and convenient. The small 
footprint packages make this microcontroller series 
perfect for all applications with space limitations. Low- 
cost, low-power, high performance, ease of use and I/O 
flexibility make the PIC16C62X very versatile. 


1.1 Family and Upward Compatibility 


Those users familiar with the PIC16C5X family of 
microcontrollers will realize that this is an enhanced 
version of the PIC16C5X architecture. Please refer to 
Appendix A for a detailed list of ennancements. Code 
written for PIC16C5X can be easily ported to 
PIC16C62X family of devices (see Appendix B). 


1.2 Development Support 


The PIC16C62X family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
full-featured programmer. A “C” compiler and fuzzy 
logic support tools are also available. 
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Peripherals Features 











128 TMRO, oo 10 | 22 | 2. ‘ie 6.0 28-pin Ca a 28-pin SOIC 
TMR1, TMR2 

192 TMRO, 2 | SPI/2C/ 10 | 22 laece 0-6.0 28-pin SDIP, 28-pin SOIC 
TMR1, TMR2 SCI 








192 TMRO, 21SPI/2C/| Yes 11 | 33 | 3.0-6.0 40-pin DIP, 44-pin PLCC, 44-pin 7 OFP 
TMR1, TMR2 SCI 


Pas [—frwro_-y — |—|[4n]—|—| 4] 13| 9060] — [tend tepnsoc 


192 TMRO, SPI/I2C/ 5ch 11 3.0-6.0 28-pin Soe. 28-pin SOIC 
TMR1, TMR2 SCI 

192 TMRO, SPI/l2C/| Yes | 8ch 12 | 33 | 3.0-6.0 40-pin DIP, 1 -pin PLCC, aa -pin QFP 
TMR1, TMR2 SCI 


pioveca_| 10 | —[ 1K] 36 [ee frwno _[-] —_ Oe 


* Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. This allows 
a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 
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2.0 PIC16C62X DEVICE VARIETIES 


A variety of frequency ranges and packaging options are 
available. Depending on application and production 
requirements the proper device option can be selected 
using the information in the PIC16C62X Product Identi- 
fication System section at the end of this data sheet. 
When placing orders, please use this page of the data 
sheet to specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in CERDIP package 
is optimal for prototype development and pilot pro- 
grams. 


The UV erasable version can be erased and repro- 
grammed to any of the oscillator modes etc. Microchip's 
PICSTART® and PRO MATE™ programmers both sup- 
port programming of the PIC16C62xX. 


2.2 One-Time-Programmable (OTP) 


Devices 


The availability of OTP devices is especially useful for 
customers who need the flexibility for frequent code 
updates and small volume applications. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the pro- 
gram memory, the configuration bits must be pro- 
grammed. 


2.3 Quick-Turnaround-Production (QTP) 


Devices 


Microchip offers a QTP Programming Service for fac- 
tory production orders. This service is made available 
for users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and configuration options 
already programmed by the factory. Certain code and 
prototype verification procedures apply before produc- 
tion shipments are available. Please contact your 
Microchip Technology sales office for more details. 


2.4 Serialized Quick-Turnaround- 
Production (SQTP™) Devices 


Microchip offers a unique programming service where 
a few user-defined locations in each device are pro- 
grammed with different serial numbers. The serial num- 
bers may be random, pseudo-random or sequential. 


Serial programming allows each device to have a 
unique number which can serve as an entry-code, 
password or ID number. 
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3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16C62X family can be 
attributed to a number of architectural features com- 
monly found in RISC microprocessors. To begin with, 
the PIC16C62X uses a Harvard architecture, in which, 
program and data are accessed from separate memo- 
ries using separate busses. This improves bandwidth 
over traditional von Neumann architecture where pro- 
gram and data are fetched from the same memory. 
Separating program and data memory further allows 
instructions to be sized differently than 8-bit wide data 
word. Instruction op-codes are 14-bits wide making it 
possible to have all single word instructions. A 14-bit 
wide program memory access bus fetches a 14-bit 
instruction in a single cycle. A two-stage pipeline over- 
laps fetch and execution of instructions (see 
Example 3-1). Consequently, all instructions (35) exe- 
cute in a single cycle (200ns @ 20MHz) except for pro- 
gram branches. 


The PIC16C620 addresses 512 x 14 on-chip program 
memory, all on chip. The PIC16C621 addresses 1K x 
14 program memory, all on-chip. The PIC16C622 
addresses 2K x 14 program memory, also on-chip. Pro- 
gram execution is in internal memory only for all 
devices. 


The PIC16C62X can directly or indirectly address its 
register files or data memory. All special function regis- 
ters including the program counter are mapped in the 
data memory. The PIC16C62X have an orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any 
addressing mode. This symmetrical nature and lack of 
‘special optimal situations’ make programming with the 
PIC16C62X simple yet efficient. In addition, the learn- 
ing curve is reduced significantly. 


The PIC16C62X devices contain an 8-bit ALU and 
working register. The ALU is a general purpose arith- 
metic unit. It performs arithmetic and Boolean functions 
between data in the working register and any register 
file. 


The ALU is 8-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple- 
ment in nature. In two-operand instructions, typically 
one operand is the working register (W register). The 
other operand is a file register or an immediate con- 
stant. In single operand instructions, the operand is 
either the W register or a file register. 


The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow and digit borrow out bit, respec- 
tively, bit in subtraction. See the SUBLW and SUBWF 
instructions for examples. 








A simplified block diagram is shown in Figure 3-1, with 
a description of the device pins in Table 3-1. 
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FIGURE 3-1: PIC16C62X BLOCK DIAGRAM 
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512 x 14 (PIC16C620) 
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8 Level Stack 
2K X 14 (PIC16C622 
i ) (13 bit) 
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80 X 8 (PIC16C620) 
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128 X 8 (PIC16C622) 
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STATUS Reg 
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t Higher order bits are from STATUS register. 
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TABLE 3-1: PIC16C62X PINOUT DESCRIPTION 


DIP 


SOIC VO/P Buffer 


Description 


Type Type 
1 


ST/CMOS | Oscillator crystal input/external clock source input. 


oO. 


OSC2/CLKOUT 15 wi 
4 


MCLR/Vpp 4 I/P 


Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 


Master clear (reset) input/programming voltage input. 
This pin is an active low reset to the device. 


ST 
PORTA is a bidirectional I/O port. 
RAO/ANO ST Analog comparator input 
RA1/AN1 ST Analog comparator input 
RA2/AN2/VREF ST Analog comparator input or VREF output 
ST 
ST 





RA3/AN3 Analog comparator input /output 


RA4/TOCKI Can be selected to be the clock input to the TMRO 
timer/counter or a comparator output. Output is open 
drain type. 


PORTB is a bidirectional I/O port. PORTB can be soft- 
ware programmed for internal weak pull-up on all inputs. 


RBO/INT can also be selected as an external inter- 
rupt pin. 


Interrupt on change pin. 
Interrupt on change pin. 
Interrupt on change pin. Serial programming clock. 
Interrupt on change pin. Serial programming data. 


Ground reference for logic and I/O pins. 


Positive supply for logic and !/O pins. 
Legend: O = output I/O = input/output P = power 
—— = Not used 1 = Input ST = Schmitt trigger input 
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3.1 Clocking Scheme/instruction Cycle 


The clock input (from OSC1) is internally divided by four 


to generate four non-overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, the program 
counter (PC) is incremented every Q1, the instruction is 
fetched from the program memory and latched into the 
instruction register in Q4. The instruction is decoded 
and executed during the following Q1 through Q4. The 
clocks and instruction execution flow is shown in 
Figure 3-2. 7 | 


FIGURE 3-2: CLOCK/INSTRUCTION CYCLE 





(Program Counter) 





(RC Mode) | 


{ 
oscacikouT (Lo TO” fONfF"= 


| ) 
1 [| CSCSC*CXecute INST (PC) TCC‘ @CHINST (P42) 
| 


EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 


3.2. —_ Instruction Flow/Pipelining 


An “Instruction Cycle” consists of four Q cycles (Q1, 


Q2, Q3 and Q4). The instruction fetch and execute are 
pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction 
(see Example 3-1). 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. 


In the execution cycle, the fetched instruction is latched 
into the “Instruction Register (IR)” in cycle Q1. This 
instruction is then decoded and executed during the 
Q2, Q3, and Q4 cycles. Data memory is read during Q2 
(operand read) and written during Q4 (destination 
write). 


a Fetch 


PORTB 
SUB_1 
PORTA, BIT3 


Fetch 2 





Fetch 3 


Fetch4 [| 


Fetch SUB_1 


All instructions are single cycle, except for any program branches. These take two cycles since the fetched 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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4.0 MEMORY ORGANIZATION 


4.1 Program Memory Organization 


The PIC16C62X has a 13-bit program counter capable 
of addressing an 8K x 14 program memory space. Only 
the first 512 x 14 (0O000h - 01FFh) for the PIC16C620, 
1K x 14 (0000h - O3FFh) for the PIC16C621 and the 
first 2K x 14 (0000h - O7FFh) for the PIC16C622 are 
physically implemented. Accessing a location above 
these boundaries will cause a wrap-around within the 


Fe ana ont are 


(PIC16C621) or 2K x 14 space (PIC16C622). The reset 
vector is at 0000h and the interrupt vector is at 0004h 
(see Figure 4-1, Figure 4-2, Figure 4-3). 


FIGURE 4-1: PROGRAM MEMORY MAP 
AND STACK FOR THE 
PIC16C620 


PC <12:0> 
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FIGURE 4-2: PROGRAM MEMORY MAP 
AND STACK FOR THE 
PIC16C621 
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FIGURE 4-3: PROGRAM MEMORY MAP 
AND STACK FOR THE 
PIC16C622 
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4.22. Data Memory Organization 


The data memory (see Figure 4-4 and Figure 4-5) is 
partitioned into. two Banks which contain the general 
purpose registers and the special function registers. 
Bank 0 is selected when the RPO bit in the STATUS reg- 
ister is cleared. Bank 1 is selected when the RPO bit in 
the STATUS register is set. The Special Function Reg- 
isters are located in the first 32 locations of each Bank. 
Register locations 20h-6Fh (Bank 0) on_ the 
PIC16C620/621 and 20h-7Fh (Bank 0) and AOh-BFh 
(Bank 1) on the PIC16C622 are general purpose regis- 
ters implemented as static RAM. Some special pur- 
pose registers are mapped in Bank 1. 


4.2.1. GENERAL PURPOSE REGISTER FILE 


The register file is organized as 80 x 8 in the 
PIC16C620/621 and 128 x 8 in the PIC16C622. Each 
is accessed either directly or indirectly through the file 
select register FSR (see Section 4.4). 
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DATA MEMORY MAP FOR 


THE PIC16C622 


FIGURE 4-5 


DATA MEMORY MAP FOR 
THE PIC16C620/621 


FIGURE 4-4 
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4.2.2 SPECIAL FUNCTION REGISTERS The special registers can be classified into two sets. 

Tie ee The special registers associated with the “core” func- 
The special function registers are registers used by the tions are described in this section. Those related to the 
CPU and Peripheral functions for controlling the operation of the peripheral features are described in the 


desired operation of the device (see Table 4-1). These section of that peripheral feature. 
registers are static RAM. 


TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C62X 


Value on | Value on all 
Address} Name Bit 7 Bit 6 Bit Oo Power-On other resets 
| Reset (Note 1) 


Ss 


eae (indirect — | Addressing this location uses contents of FSR to address data memory (not a physical 
address) ~ register) » 


<a 0000 0000 























PCL Program Counter's (PC's) Least Significant Byte 


FSR Indirect data memory address lea ee ee Gea 
oa —fromre [nerd nee eee] nor | res| ee | ret | feo me oe oe 








as 
Write buffer for upper 5 bits of program counter . , 
Sc 
oe ew 
ae 


= 2 
[eis [ome [cmt | cMo [00-- 0000 | oo-- 000 


(Te A aA ONAL ARREARS 
INDF (indirect | Addressing this location uses contents of FSR to address data memory (nota pers 
address) te 


ash | TRISA Sued Add. scat iid 



















= INTCON 


PIE1 


Cunt SSE 


round — = Unimplemented locations. Sead as ‘0’, u = unchanged, x = unknown, ? = value depends on ‘condition 


Write buffer for upper 5 bits of program counter ---0 0000 
| PEIE | TolE | INTE | RBIE INTF | RBIF | 0000 000x 
CMIE 


---0 0000 
0000 000x 










vy 


000- 0000 


Note 1: Other (non power-up) resets include MCLR reset, Brown-out Detect reset and Watchdog Timer time-out during normal 
operation. 
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4.2.2.1 STATUS REGISTER 


The STATUS register, shown in Figure 4-6, contains the 
arithmetic status of the ALU, the RESET status and the 
bank select bits for data memory. 


The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis- 
ter is the destination for an instruction that affects the Z, 
DC or C bits, then the write to these three bits is dis- 
abled. These bits are set or cleared according to the 
logic. Furthermore, the TO and PD bits are not writable. 
Therefore, the result of an instruction with the STATUS 
register as destination may be different than intended. 


For example, CLRF STATUS will clear the upper-three 
bits and set the Z bit. This leaves the status register as 
OOOUU1UU (where U = unchanged). 


FIGURE 4-6: STATUS REGISTER 


RW RW RW RW RAW SEOR/W 


rise aera aes Feo ee er 
bit7 ] 


bitO 


It is recommended, therefore, that only BCF, BSF, 


SWAPF and MOVwWF instructions are used to alter the sta- 
tus registers because these instructions do not affect 
any status bit. For other instructions, not affecting any 
status bits, see the “Instruction Set Summary”. 





Register: STATUS 
Address: 03h or 83h 
POR value: ©0001 1XXXb 


Readable 
Writable 
Unimplemented, 
read as ‘0' 


C: Carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the most significant bit of the result occurred. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

0 = No Ccarry-out from the most significant bit of the result. 

Note: For borrow the polarity is reversed. 


DC: Digit carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the 4th low order bit of the result occurred, 
0= No carry-out from the 4th low order bit of the result. 

Note: For Borrow the polarity is reversed. 


Z: Zero bit. 
1= The result of an arithmetic or logic operation is zero. 
O= The result of an arithmetic or logic operation is not zero. 


PD: Power down bit. 
1 = After power-up or by a CLRWDT command. 
0 = By execution of the SLEEP instruction. 


TO: Time-out bit. 
1= After power-up and by the CLRWDT and SLEEP instruction. 
O= Awatchdog timer time-out has occurred. 


RP<1:0>: Register bank select bits for direct addressing. 


00 = Bank 0 (00h - 7Fh) 
01 = Bank 1 (80h - FFh) 
10 = Bank 2 (100h - 17Fh) 
11 = Bank 3 (180h - 1FFh) 


Each bank is 128 bytes. 

Only the RPO bit is used by the PIC16C62X. RP1 should be programmed as '0'. 
Using the RP1 bit as a general purpose read/write bit is not 

recommended, since this may affect upward compatibility with future 

products. 


IRP: Register bank select bits for indirect addressing. 
0 = Bank 0,1 (00h - FFh) 
1 = Bank 2,3 (100h - 1FFh) 


The IRP bit is not used by the PIC16C62X. IRP should be programmed as '0'. 
Use of the IRP bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.2.2.2 OPTION REGISTER > 


The OPTION register, shown in Figure 4-7, is a read- 
able and writable register which contains various con- 
trol bits to configure the TMRO/WDT prescaler, the 
external INT interrupt, TMRO, and the weak pull-ups o 

PORTB. = 





FIGURE 4-7: OPTION REGISTER 


RW RW RW RW RW RW RAW OR Register: OPTION  Wlpadabie 


REPU | INTEDG Tocs| Tose| PSA | Ps2| PSt Address: 81h : — Writable 
POR value: FFh : Unimplemented. 


bit 0 Read as '0' 


PS2:PSO 


ee ee 
Oe ee 
eon ae oe te 8 ew oe le 


1 
PSA: Prescaler assignment bit. 
1 = Prescaler assigned to the WDT 
0 = Prescaler assigned to TMRO 


‘TOSE: TMRO Source Edge. 
1 = Increment on high-to-low transition on RA4/TOCKI pin 


0 = Increment on low-to-high transition on RA4/TOCKI pin 
TOCS: TMRO Clock Select. 

1 = Transition on RA4/TOCKI pin 

0 = Internal instruction cycle clock (CLKOUT) 

INTEDG: Interrupt edge select. 


1 = Interrupt on rising edge of RBO/INT pin 
_ 0= Interrupt on falling edge RBO/INT pin 


RBPU: PortB pull-up enable. 


1 = PortB pull-ups are disabled overriding any port latch value 
0 = PortB pull-ups are enabled by individual port-latch values 
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4.2.2.3 INTCON REGISTER 


The INTCON register, shown in Figure 4-8, is a read- 
able and writable register which contains the various 
enable and flag bits for all interrupt sources except the 
comparator module. See Section4.2.2.4 and 
Section 4.2.2.5 for a description of the comparator 
enable and flag bits. 


FIGURE 4-8: INTCON REGISTER 


R/iW__ RW R/W RAW RAW RW_ RW 


ot [ree [ro [ore ro [oJ 


bit7 bitd 


Readable 
Writable 
Unimplemented, 
read as '0' 


INTCON : 
OBh or 8Bh | W: 


Register: 
Address: 
POR value: 0000 000xb/| U: 


RBIF: RB port change interrupt flag. 

1 = When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

0 = None of the RB<7:4> inputs have changed. 

INTF: External interrupt flag. 

1 = The external INT interrupt has occurred. 
Must be cleared by software. 

0 = The INT interrupt did not occur 

TOIF: TMRO overflow interrupt flag. 

1 = The TMRO has overflowed. 
Must be cleared by software. 

0 = TMRO did not overflow. 

RBIE: RB port change interrupt enable bit. 

1 = Enables RBIF interrupt 

0 = Disables RBIF interrupt 

INTE: INT interrupt enable bit. 

1 = Enables INTF interrupt 

O = Disables INTF interrupt 

TOIE: TOIF interrupt enable bit. 

1 = Enables TOIF interrupt 

0 = Disables TOIF interrupt 

PEIE: Peripheral interrupt enable bit. 

1 = Enables all un-masked peripheral interrupts 

0 = Disables all peripheral interrupts 

GIE: Global interrupt enable. 

1 = Enables ail un-masked interrupts 

0 = Disables all interrupts 
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4.2.24  PIE1 REGISTER 


This register contains the individual enable bit for the 
comparator interrupt. - 


FIGURE 4-9: PIE1 REGISTER 


Register: PIE1 | R: Readable 
Address: 8Ch | W: Writable 


POR Value: 00h | YU: Unimplemented, 


read as ‘0’ 


CMIE: Comparator interrupt enable bit. 


1 = Enables CMIF interrupt 
0 = Disables CMIF interrupt 





4.2.2.5 PIR1 REGISTER 


This register contains the individual flag bit for the com- 
parator interrupt. 





FIGURE 4-10: PIR1 REGISTER 





Register: PIR1 | R: Readable 
Address: OCh | W: Writable 


POR Value: 00h U: Unimplemented, 
readas ‘0’ 


CMIF: Comparator interrupt flag. 
1 = Comparator input has changed 
O = Comparator input has not changed 
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4.2.2.6 PCON REGISTER 


The PCON register, shown in Figure 4-11, contains flag 
bits to differentiate between a Power-on Reset, an 





external MCLR reset, WDT reset or a Brown-out Detect 
reset. 





FIGURE 4-11: PCON REGISTER 


Register: PCON R: Readable 


Address: 8Eh W: Writable 
POR Value: ---- --02?b | U: Unimplemented, 


read as ‘0’ 


BO: Brown-out Detect flag 


1 = 
0 = 


No Brown-out reset has occurred. 
A Brown-out reset has occurred. 
Software must set this bit after a 
power-on reset has occurred. 


: Power-on Reset flag 

No power-on reset has occurred. 

A power-on reset has occurred. 
Software must set this bit after a 
power-on reset condition has occurred. 


Unimplemented. 
Read as ‘0’. 
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4.3 PCL and PCLATH 


The program counter (PC) is 13-bits wide. The low byte, 
PCL, is a readable and writable register. The high byte 
of the PC (PCH) is not directly readable or writable. The 
high byte of the PC can be written through the PCLATH 
register. When the PC is loaded with a new value during 
acCALL, GOTO ora write to PCL, the high bits of PC 
are loaded from PCLATH as shown in Figure 4-12. 


FIGURE 4-12: LOADING OF PC IN 
DIFFERENT SITUATIONS 


PCH 


8 7 


ce) 
INST with PCL 
{\ 8 
: y PCLATH<4:0> ALU result 
a= 
PCLATH 


PCH PCL 
12 1110 8 7 


GOTO, CALL 
Opcode <10:0> 





43.1 COMPUTED GOTO 


When doing a table read using a computed GOTO 
method, care should be exercised if the table location 
crosses a PCL. memory boundary (each 256 byte 
block). Refer to the application note “Table Read Using 
the PIC16CXX” (AN556). 


43.2 STACK 


The PIC16CXX has an 8 deep x 13-bit wide hardware 
stack (see Figure 4-2 and Figure 4-3). The stack space 
is not part of either program or data space and the stack 
pointer is not readable or writable. The PC is PUSHed 
in the stack when a CALL instruction is executed or an 
interrupt is acknowledged. The stack is POPped in the 
event of a RETURN, RETLW or a RETFTIE instruction 
execution. PCLATH is not affected by a “PUSH” or a 
“POP” operation. 


The stack operates as a circular buffer. This means that 
after the stack has been “PUSHed” eight times, the 
ninth push overwrites the value that was stored from the 

first push. The tenth push overwrites the second push 

(and so on). 
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4.4 Indirect Addressing, INDF and FSR 
Registers 


The INDF register is not a physical register. Addressing 
the INDF register will cause indirect addressing. 


Indirect addressing is possible by using the INDF regis- 
ter. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). Reading INDF itself indirectly will produce OOh. 
Writing to the INDF register indirectly results in a no- 
operation (although status bits may be affected). An 
effective 9-bit address is obtained by concatenating the 
8-bit FSR register and the IRP bit (STATUS<7>), as 
shown in Figure 4-13. However, IRP is not used in the 
PIC16C62X. 


A simple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-1. 


EXAMPLE 4-1: 


movlw 
movf 
NEXT clrf 
incf 
btfss 
goto 


CONTINUE: 


FIGURE 4-13: DIRECT/INDIRECT ADDRESSING PIC16C62X 


Direct Addressing 


6 from opcode 


ae eee eee 


bank select location select 


Bank 0 Bank 1 


Note: For memory map detail see Figure 4-4 and Figure 4-5. 


Bank 2 


INDIRECT ADDRESSING 
0x20 ;initialize pointer 
FSR ;to RAM 

INDF ;clear INDF register 
FSR sinc pointer 

FSR,4 ;all done? 

NEXT ;yno clear next 


;yes continue 





Indirect Addressing 
7 (FSR) 


bank select location select 


11 
00 
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5.0 W/OPORTS 


The PIC16C62X have two ports, PORTA and PORTB. 
These port pins may be multiplexed with an alternate 
function for the peripheral features on the device. 


5.1 PORTA and TRISA Registers 


PORTA is a 5-bit wide latch. RA4 is a Schmitt trigger 
input and an open drain output. Port RA4 is multiplexed 
with the TOCKI clock input. All other RA port pins have 
Schmitt trigger input levels and full CMOS output driv- 
ers. All pins have data direction bits (TRIS registers) 
which can configure these pins as input or output. 


A '1' in the TRISA register puts the corresponding out- 
put driver in a high impedance mode. A'0' inthe TRISA 
register puts the contents of the output latch on the 
selected pin(s). 


Reading the PORTA register reads the status of the 
pins whereas writing to it will write to the port latch. All 
write operations are read-modify-write operations. So a 
write to a port implies that the port pins are first read, 
then this value is modified and written to the port data 
latch. 


The PORTA pins are multiplexed with comparator and 
voltage reference functions. The operation of these pins 
are selected by control bits in the CMCON (comparator 
control register) register and the VRCON (voltage refer- 
ence control register) register. When selected as a 
comparator input, these pins will read as ‘0's. 





BLOCK DIAGRAM OF 
RA<1:0> PINS 


FIGURE 5-1: 





cee 
us D Q 


CK. Q a re 
Data Latch 
c= x! 
D Q = N 1/0 pin 
acs 
CK™. Q 


TRIS Latch 


“WR 
PORT" 


Vss 
Analog 
input 
QO 


o< | mode 
Schmitt 
trigger p 


input 
buffer 


<< 
"RD PORT" e 


To Comparator 


Note: I/O pins have protection diodes to VDD and Vss. 





TRISA controls the direction of the RA pins, even when 
they are being used as comparator inputs. The user 
must make sure to keep the pins configured as inputs 
when using them as comparator inputs. 


The RA2 pin will also function as the output for the volt- 
age reference. When in this mode, the Vref pin is a very 
high impedance output. The user must configure 
TRISA<2> bit as an input and use high impedance 
loads. 


In one of the comparator modes defined by the 
CMCON register, pins RA3 and RA4 become outputs of 
the comparators. The TRISA<4:3> bits must be set to 
enable outputs to use this function. 


EXAMPLE 5-1: INITIALIZING PORTA 

CLRF PORTA ;Initialize PORTA by setting 
;output data latches 

MOVLW 0X07 ;Turn comparators off and 


MOVWF CMCON ;enable pins for I/0 
;functions 

BSF STATUS, RPO ;Select Bankl 

MOVLW Ox1F ;Value used to initialize 
;data direction 

;Set RA<4:0> as inputs 
;TRISA<7:5> are always 
sread as '0'. 


BLOCK DIAGRAM OF RA2 PIN 


MOVWF TRISA 


FIGURE 5-2: 


“RD PORT" 


To Comparator 
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FIGURE 5-3: BLOCK DIAGRAM OF RA3 PIN 






Data = A” eat 4 - Comparator Mode = 110 









O Vpp 


Data Latch i  , S| 
D Q ZS 
= N RAS pin » 
"WR 
_ TRIS" | = ges 


- Vss 


Comparator Output ie 











Analog 
input 
mode Q 


t | | Schmitt 
"RD j . trigger A 


buffer 














“RD PORT" i 


To Comparator 






FIGURE 5-4: BLOCK DIAGRAM OF RA4 PIN 


Comparator Mode = 110 


Comparator Output Be: 


Data Latch | ee | hs 


D =o | | i = RA4 pin 
"WR | 


TRIS" = 
CK™N. Q 
. TRIS Latch 


O < 
Schmitt 
“RD trigger 
. input 


buffer 
"RD PORT" > : 


TMRO clock input 





ar ene eee nm Omen neem 
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TABLE 5-1: PORTA FUNCTIONS 


Buffer 
Type 
RAO/ANO 
RAt/AN1 


nput/output or comparator input 


| 
Input/output or comparator input 


| 
RA2/AN2/VREF 
| 


RA3/ANS 


| RA4/TOCKI 


Legend: ST = Schmitt Trigger input 
TABLE 5-2: SUMMARY OF PORTA REGISTERS 


Register Name| Function _—_|_——Address__—__|_Power-on Reset Value 


~--X XXXX 


PORTA PORTA pins when read. 

PORTA latch when written. 

TRISA PORTA data direction register. ---1 1111 
O = output, 1 = input 


Input/output or comparator input/output 


Input/output or external clock input for TMRO or comparator output. Out- 
put is open drain type. 








CMCON Comparator control register 1Fh 00-- 0000 
configures PORTA pins. 


|VRCON Voltage Reference control regis- 
ter configures VREF output on 
RA2. 


Note 1: X = unknown, - = unimplemented, reads as ‘0’. 


00-0 0000 


Note 2: For reset values of registers in other reset situations refer to Table 9-6 
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5.2 PORTB and TRISB Registers 


PORTEB is an 8-bit wide bidirectional port. The corre- 
sponding data direction register is TRISB. A ‘1' in the 
TRISB register puts the corresponding output driver in 
a high impedance mode. A ‘0' in the TRISB register 
puts the contents of the ouput latch on the selected 
pin(s). 

Reading PORTB register reads the status of the pins, 
whereas writing to it will write to the port latch. All write 
operations are read-modify-write operations. So a write 


to a port implies that the port pins are first read, then 


this value is modified and written to the port data latch. 


Each of the PORTB pins has a weak internal pull-up 
(~200 yA typical). A single control bit can turn.on all the 
pull-ups. This is done by clearing the RBPU 
(OPTION<7>) bit. The weak pull-up is automatically 
turned off when the port pin is configured as an output. 
The pull-ups are disabled on power-on reset. 


Four of PORTB’s pins, RB<7:4>, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7—RB4 pin con- 
figured as an output is excluded from the interrupt on 
change comparison). The input pins (of RB7—RB4) are 
compared with the old value latched on the last read of 
PORTB. The “mismatch” outputs of RB7—RB4 are 
OR’ed together to generate the RBIF interrupt (flag 
latched in INTCON<0>). 


FIGURE 5-5: BLOCK DIAGRAM OF 
RB<7:4> PINS 


Data bus 


| "WR Port" 


"WR TRIS" 


From 
other 
port pins 


Latch “RD Port" 


Note 1: TRISB = 1 enables weak pull-up if RPBU = 0 in 
OPTION register 


2: 1/0 pins have diode protection to VbD and Vss 





This interrupt can wake the device up from SLEEP. The | 
user, in the interrupt service routine, can clear the inter- 
rupt in one of two ways: 


a) Disable the interrupt by clearing RBIE 


_ (INTCON<35) bit. 


b) Read PORTB. This will end mismatch condition. 
Then, clear the RBIF bit. 


~ A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 


allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow 


~ easy interface to a key pad and make it possible for 


wake-up on key-depression. (See AN552 in the Micro- 
chip Embedded Control Handbook). 





The interrupt ¢ on sheng feature | is recommended for 
wake-up on key depression operation and operations 
where PORTSB is only used for the interrupt on change 
feature. Polling of PORTB is not recommended while 
using the interrupt on change feature. 


FIGURE 5-6: BLOCK DIAGRAM OF 
| RB<3:0> PINS 


Data Latch 


Data bus 
/O pin 


"WR Port" 


Schmitt trigger 
Input 
buffer 
"WR TRIS" 


"RD Port" 


"RD Port" 


Notes: 1. TRISB = 1 enables weak pull-up if RBPU = 0 in 
OPTION register. 
2. I/O pins have diode protection to Vop and Vss... 
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TABLE 5-3: PORTB FUNCTIONS 

|__Name | Bit_| Butter Type 

RBO/INT ST Input/output or external interrupt input. Internal software programmable 
weak pull-up. 

RB 1 


TRBi bi Input/output pin. Internal software programmable weak pull-up. 
Input/output pin. Internal software programmable weak pull-up. 
Input/output pin. Internal software programmable weak pull-up. 


Input/output pin (with interrupt on change). internal software programmable 
weak pull-up. [re 

Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. 


RB6 ST input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. Serial programming clock pin. 
RB7 bit7 Input/output pin (with interrupt on change). Internal software programmable 


weak pull-up. Serial programming data pin. 






































Legend: ST = Schmitt Trigger 
TABLE 5-4: SUMMARY OF PORTB REGISTERS 


Register Name | Function | Address | Power-on Reset Value 


PORTB PORTB pins when read XXXX  XXXX 
PORTB latch when written 


TRISB PORTB data direction register fish, 0a 


O = output, 1 = input 
OPTION Weak pull-up on/off control (RBPU bit) 


Legend: x = unknown 





















Note: For reset values of registers in other reset situations refer to Table 9-6. 
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5.3 VO Programming Considerations 
5.3.1 BIDIRECTIONAL I/O PORTS — 


Any instruction. which writes, operates internally as a 
read followed by a write operation. The BCF and BSF 
instructions, for example, read the register into the 
CPU, execute the bit operation and write the result back 
to the register. Caution must be used when these 
instructions are applied to a port with both inputs and 
outputs defined. For example, a BSF operation on bit 5 
of PORTB will cause all eight bits of PORTB to be read 
into the CPU. Then the BSF operation takes place on bit 
5 and PORTB is written to the output latches. If another 
bit of PORTB is used as a bidirectional 1/O pin (e.g., bit 
0) and it is defined as an input at this time, the input sig- 
nal present on the pin itself would be read into the CPU | 
and re-written to the data latch of this particular pin, 
overwriting the previous content. As long as the pin 
stays in the input mode, no problem occurs. However, if 
bit 0 is switched into output mode later on, the content 
of the data latch may now be unknown. 


Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the 
value to the PORT latch. When using read modify write 
instructions (ex. BCF, BSF, etc.) on a PORT, the value 
of the PORT pins is read, the desired operation is done 
to this value, and this value is then written to the PORT 
latch. 


Example 5-2 shows the effect of two sequential read 
modify write instructions (ex. BCF, BSF, etc.) on an I/O 
PORT. 


A pin actively outputting a Low or High should not be 
driven from external devices at the same time in order 
to change the level on this pin (“wired-or’, “wired-and”). 
The resulting high output currents may damage the 
chip. 


FIGURE 5-7: SUCCESSIVE I/O OPERATION 


aila@laslas; al alalasy al awl ala ala@lala, 
(OCP HH OX PCH?) 


: t 
Instruction | MOVWF PORTB 1 MOVF PORTB,W: 
fetched Writeto ' ReadPORTB ' | 
'  PORTBS ) 


NOP 


SS aE a, ea hee 


! ar 
| , | Port pin 
Teo p>! <q 

} Execute 
MOVWEF 
PORTB 


Execute 
MOVF 
PORTB, W 


| 
{ 
! 
| 
| 
| 


n,n? et en? ey eT eT | 


1 sampled here 





EXAMPLE 5-2: READ MODIFY WRITE. 
_INSTRUCTIONS ON AN 
“VOPORT 


Initial PORT settings: -PORTB<7:4> Inputs 


PORTB<3:0> Outputs 
PORTB<7:6> have external pull-up and are not 
connected to other circuitry 


PORT latch PORT pins 


ee ee ee le eee ee nee ee ee ee ee ee ee ee oe 


BCF PORTB, 7 ; Olpp pppp illpp pppp 
BCF PORTB, 6 ; 10pp pppp i1ipp pppp 
BSF STATUS,RPO ; 

BCF TRISB, 7 ;10pp pppp ilipp pppp 
BCF TRISB, 6 ; 10pp pppp 


10pp PpPpp 
; Note that the user may have expected the pin 
; values to be O00pp pppp. The 2nd BCF caused 


; RB7 to be latched as the pin value (High). 
5.3.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 5-7). Therefore, care must be exercised if a write 
followed by a read operation.is carried out on the same 
I/O port. The sequence of instructions should be such 
to allow the pin voltage to stabilize (load dependent) 
before the next instruction which causes that file to be 
read into the CPU is executed. Otherwise, the previous 
state of that pin may be read into the CPU rather than 
the new state. When in doubt, it is better to separate 
these instructions with a NOP or another instruction not 
accessing this I/O port. 


Note: 


This example shows write to PORTB followed 


PC +3 by a read from PORTB. 


Note that: 

data setup time = (0.25 Tcy - TPD) 

where Tcy = instruction cycle and TPD = prop- 
agation delay of Q1 cycle to output valid. 


Therefore, at higher clock frequencies, a write 
followed by a read may be problematic. 


{ 
1 
| 
1 
| 
I 
| 
1 
| 
1 
| 
' 
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6.0 TIMERO (TMRO) MODULE 


The TMRO module timer/counter has the following fea- 
tures: 

e 8-bit timer/counter 

e Readable and writable 

e 8-bit software programmable prescaler 

Internal or external clock select 

e Interrupt on overflow from FFh to 00h 

e Edge select for external clock 


Figure 6-1 is a simplified block diagram of the TMRO 
module. 


Timer mode is selected by clearing the TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, the increment is inhibited for the fol- 
lowing two cycles (see Figure 6-2 and Figure 6-3). The 
user can work around this by writing an adjusted value 
to the TMRO module. 


Counter mode is selected by setting the TOCS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by the TO source 
edge (TOSE) control bit (OPTION<4>). Clearing the 


FIGURE 6-1: TIMERO (TMRO) BLOCK DIAGRAM 


: Programmable ' 


Prescaler 


PS2, PS1, PSO 


TOCS 


TOSE bit selects the rising edge. Restrictions on the 
external clock input are discussed in detail in 
Section 6.2. 


The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con- 
trolled in software by the control bit PSA (OPTION<3>). 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
value of 1:2, 1:4, ..., 1:256 are selectable. Section 6.3 
details the operation of the prescaler. 


6.1 TIMERO (TMRQ) Interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh. This overflow 
sets the TOIF bit. The interrupt can be masked by clear- 
ing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the TMRO 
module interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt cannot wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. See Figure 6-4 for TMRO interrupt timing. 


Data bus 


Sync with 
Internal 
clocks 


(2 cycle delay) 


Set TOIF 


PSA Interrupt on 


Overflow 


Note 1: Bits, TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register. 
Note 2: The prescaler is shared with Watchdog Timer (refer to Figure 6-6 for detailed diagram) 





FIGURE 6-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 


Cc ,Q1].Q2[Q3]Q4; a1] aQ2/Q3/ a4} aQ1|/aQ2]aQ3] a4 (a1]Q2]Q3]a4;a1|aQ2/a3]a4iat|a2}a3]a4;ai|aq2}as}a4;ai[aq2/as|as | 
' i] 4 t ’ 1] i] 4 i] 


P 
Ee stall 
unter) 


Instruction 
Fetch 
TMRO 


Instruction 
Executed 


' Write TMRO | ReadTMRO | 
executed reads NTO 





ReadTMRO | ReadTMRO | ReadTMRO | ReadTMRO } 
reads NTO reads NTO reads NTO+1 reads NTO+2 
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FIGURE 6-3: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1:2 






Fs ‘at|a2]}a3] a4‘ ai|a2]a3|a4iai1|a2|a3}a4a1|a2z/as|as!ai|a2}as] a4 ia1|a2z/a3}a4‘a1|a2z/a3]a4iai|az/as}as | 
rogram 1 ' : i ' ' ' ' 
Counter) ; : 





testiuetion: ' MOVWF TMRO ' MOVF TMRO,W 'MOVF TMRO,W ' MOVE TMRO,W 'MOVFTMRO,W ' MOVF TMRO,W 
Fetch ; : 


t ' ' ' t 
' p ' ' ’ i 


TMRO I ! 


1 i 

' f] 

t i] 

' Read TMRO ReadTMRO | ReadTMRO | Read TMRO Read TMRO 
executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1 


Instruction - ; 
Execute ’ Write TMRO 


1 a@t| a2] a3| a4; at| a2| as| a4; at| a2] as| as; at| a2| as| a4; at| a2| as| aa | 
osc1 } ; } 


CO 


INSTRUCTION FLOW 


PC 0005h 


instruction | 


fetched Inst(PC+1) Inst (0004h) Inst (0005h) 


Inst (PC) Dummy cycle, Dummy cycle _ Inst (0004h) 


; Inst (PC) 


Inst (PC-1) 


i] 
' 
' 
‘ 
‘ 
t 
4 
‘ 


Instruction 
executed 


Note 1: TOIF interrupt flag is sampled here (every Q1). 
2: Interrupt latency = 4Tcy where Tcy = instruction cycle time. 
3: CLKOUT is available only in RC oscillator mode. 
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6.2 Using TMRO with External Clock 


When an external clock input is used for TMRO, it must 
meet certain requirements. The external clock require- 
ment is due to internal phase clock (Tosc) synchroni- 
zation. Also, there is a delay in the actual incrementing 
of TMRO after synchronization. 


6.2.1 EXTERNAL CLOCK SYNCHRONIZATION 


When no prescaler is used, the external clock input is 
the same as the prescaler output. The synchronization 
of TOCK! with the internal phase ciocks is accomplished 
by sampling the prescaler output on the Q2 and Q4 
cycles of the internal phase clocks (see Figure 6-5). 
Therefore, it is necessary for TOCKI to be high for at 
least 2Tosc (and a small RC delay of 20ns) and low for 
at least 2Tosc (and a small RC delay of 20ns). Refer to 
the electrical specification of the desired device. 


When a prescaler is used, the external clock input is 
divided by the asynchronous ripple counter-type pres- 
caler so that the prescaler output is symmetrical. For 
the external clock to meet the sampling requirement, 
the ripple counter must be taken into account. There- 
fore, it is necessary for TOCKI to have a period of at 
least 4 Tosc (and a small RC delay of 40ns) divided by 
the prescaler value. The only requirement on TOCKI 
high and low time is that they do not violate the mini- 
mum pulse width requirement of 10ns. Refer to param- 
eters 40, 41 and 42 in the electrical specification of the 
desired device. 


6.2.2 | TMRO INCREMENT DELAY 


Since the prescaler output is synchronized with the 
internal clocks, there is a small delay from the time the 
external clock edge occurs to the time the TMRO mod- 
ule is actually incremented. Figure 6-5 shows the delay 
from the external clock edge to the timer incrementing. 


6.3 Prescaler 


An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
Timer, respectively (see Figure 6-6). For simplicity, this 
counter is being referred to as “prescaler’ throughout 
this data sheet. Note that there is only one prescaler 
available which is mutually exclusive between the 
TMRO module and the Watchdog Timer. Thus, a pres- 
caler assignment for the TMRO module means that 
there is no prescaler for the Watchdog Timer, and vice- 
versa. 


The PSA and PS2-PS0 bits (OPTION<3:0>) determine 
the prescaler assignment and prescale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (¢.g.CLRF 1, MOVWF 1, 
BSF 1,x ....etc.) will clear the prescaler. When 
assigned to WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. The pres- 
caler is not readable or writable. 
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FIGURE 6-5: TIMERO TIMING WITH EXTERNAL CLOCK 


| 3 | Q1l Q2! Q3! Q4 | QI! Q2! Q3! Q4 | Q1! Q21 Q31 Q4 | QI! Q2! Q31 Q4 
EXT CLOCK INPUT OR | : Small pulse 
PRESCALER OUT(NOTE2) |A\\\\\ eee | _misses sampling 


__ EXT CLOCK/PRESCALER (note 3) { 
OUTPUT AFTER SAMPLING 


INCREMENT TMRO (Q4) aes 
ae a 


Notes: 


. Delay from clock input change to TMRO increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 tosc max. 

. External clock if no prescaler selected, Prescaler output otherwise. ; 

. The arrows indicate the points in time where sampling occurs. 





FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 


CLKOUT (=Fosc/4) Data Bus 


8 


TMRO 


Set TOIF 
Interrupt 
on Overflow 


8-to - 1MUX PSO - PS2 


WDT Enable bit 


WDT 
Time-out 


Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 
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6.3.1 SWITCHING PRESCALER ASSIGNMENT To change prescaler from the WDT to the TMRO mod- 
ule use the sequence shown in Example 6-2. This pre- 

The prescaler assignment is fully under software con- caution must be taken even if the WDT is disabled. 

trol, i.e., it can be changed “on the fly” during program 

execution. To avoid an unintended device RESET, the EXAMPLE 6-2: CHANGING PRESCALER 


following instruction sequence (shown in Example 6-1) 


must be executed when changing the prescaler assign- (WDT->TMRO) 2 
ment from TMRO to WDT. ee oe 
;prescaler 
BSF STATUS, RPO 
EXAMPLE 6-1: CHANGING PRESCALER MOVLW B'xxxx0xxx' ;Select TMRO, new 
(TMRO-WDT) ;prescale value and 
BCF STATUS, RPO :Rank 0 ;clock source 
CLRF TMR 0 ;Clear TMRO & Prescaler MOVWF OPTION 
BSF STATUS, RPO ;Bank 1 BCF STATUS, RPO 
CLRWDT ;Clears WDT and 
MOVLW B'xxxxlxxx' ;Select new prescaler 
MOVWF OPTION svalue 


BCF STATUS, RPO;Bank 0 


TABLE 6-1: SUMMARY OF TMRO REGISTERS 


Register Name Power-on Reset Value 
TMRO Timer/counter register 


ment bits for TMRO. See Figure 6-5. 
INTCON TMRO overflow interrupt flag and OBh 0000 000x 
Legend: x = unknown, - = unimplemented, reads as a'0". 
Note: For reset values of registers in other reset situations refer to Table 14-8. 


TABLE 6-2: REGISTERS ASSOCIATED WITH TMRO 


Address |Name | Bit7 | Bite | Bits | pita | Bits | Bit2 | Bit1 | Bito | 
TMRO 
| TOE TOF | IN Be 


: 
| 8th [OPTION | REPU PSt PSO 


Legend: — = Unimplemented locations, Read as ‘0’ 
Note: Shaded boxes are not used by TMRO module 
Note 1: This bit is not available in the PIC16C61 
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7.0 COMPARATOR MODULE The CMCON register, shown in Figure 7-1, controls the 


comparator input and output multiplexers. A block dia- 


The comparator module contains two analog compara- gram of the comparator is shown in Figure 7-2. 


tors. The inputs to the comparators are multiplexed with 
the RAO through RAS pins. The on-chip Voltage Refer- 
ence (see Section 8.0) can also be an input to the com- 
parators. 


FIGURE 7-1: CMCON REGISTER 


U RW RW R/W R/W | Register: CMCON | R: Readable & | 
Address:  1Fh W: Writable 
edo dR kad SFL [= [ as| enol cu [owo POR Value: OOh U: Unimplemented, 


bit7 bitO read as ‘0’ 






CM<2:0>: Comparator mode 
See Figure 7-2. 

CIS: Comparator Input Switch 
When CM<2:0>= 001: 


1 = C1 ViIN— connects to RA3 
0 = Ci ViIN— connects to RAO 


When CM<2:0>= 010: 


1= C1 VIN— connects to RA3, 
C2 VIN— connects to RA2, 


0 = C1 VIN— connects to RAO, 
C2 ViN— connects to RA‘ 


C10UT: Comparator 1 output 


1 = C1 VIN+ > C1 VIN— 
O= C1 VIN+ < C1 VIN— 


C2OUT: Comparator 2 output 


1 = C2 VIN+ > C2 VIN- 
O= C2VIN+ < C2 VIN— 
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changed, the comparator output level may not be valid 
for the specified mode change delay shown in 
Table 12-4. — ; ~“ pe 


7.1 Comparator Configuration | 


There are eight:modes of operation for the compara- 
tors. The CMCON register is used to select the mode. 
Figure 7-2 shows the eight possible modes. The TRISA 
register controls the data direction of the comparator 
pins for each mode. If the comparator mode is 





FIGURE 7-2: COMPARATOR I/O OPERATING MODES 


RAO/ANO 
RAS/ANS -A____ViNe_ (Reads as 0) 


RA1/AN1 
RA2/AN2 - (Reads as 0) 


Comparators Reset ‘CM<2:0> = 000 


RAO/ANO 
RA3/AN3 


RA1/AN1 
RA2/AN2 


CM<2:0> = 100 


RAO/ANO 
RA3/AN3 D_ 


RAV/AN1 A 
RAQ/AN2 A 


RAO/ANO 2. 
RAS/ANS 2 


RAV/AN1 A 
RA2/AN2 A 


One Independent Comparator CM<2:0> = 101 


RAO/ANO 


RAS/AN3 (Reads as 0) 


RA1/AN1 


RA2/AN2 Vins (Reads as 0) 


Comparators Off CM<2:0> = 111 


RAO/ANO —~—o CIS=0 vin. 
pee omen De Sekeer iene 


RAS/ANS —o CIS=1 Vina 


RAVAN1 A. ciscolyn_ 


RAZAN2 Ao Cis=ilva, C20UT 


Four Inputs Multiplexed to 


RAO/ANO 
RA3/AN3 


RA1/AN1 
RA2/AN2 


RA4 


Two Common Reference Comparators 


With Outputs CM<2:0> = 110 


RAO/ANO -—A—o Cis 


IN- 


-RAS/ANS A. CIS=1 
VIN+ 


RA1/AN1 
RA2/AN2 


Three Inputs Multiplexed to 


Two Comparators CM<2:0> = 001 


A = Analog Input, Port Reads Zeros Always 
D = Digital Input 
CIS = CMCON<3>, Comparator Input Switch 


From VREF Module 
Two Comparators CM<2:0> = 010 
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The code example in Example 7-1 depicts the steps 
required to configure the comparator module. RA3 and 
RA4 are configured as digital output. RAO and RA1 are 
configured as the V- inputs and RA2 as the V+ input to 
both comparators. 


EXAMPLE 7-1: INITIALIZING 
COMPARATOR MODULE 


FLAG_REG EQU 0X20 

CLRF FLAG_REG ;Init flag register 

CLREF PORTA ;Init PORTA 

ANDLW 0xcod ;Mask comparator bits 

IORWF FLAG_REG,F ;Store bits in flag register 

MOVLW 0x03 ;Init comparator mode 

MOVWF CMCON 3;CM<2:0> = 011 

BSF STATUS, RPO ;Select Bankl 

MOVLW 0x07 ;Initialize data direction 

MOVWE' TRISA ;Set RA<2:0> as inputs 
;RA<4:3> as outputs 
;TRISA<7:5> always read ‘0’ 

BCF STATUS, RPO ;Select Bank 0 

CALL DELAY 10 ; 10 delay 

MOVF CMCON ,F ;Read CMCONtoend changecondition 

BCF PIR1,CMIF ;Clear pending interrupts 

BSF STATUS , RPO ;Select Bank 1 

BSF PIE1,CMIE 7Emable comparator interrupts 

BCF STATUS,RPO* ;Select Bank 0 

BSF INTCON,PEIE ;Enable peripheral interrupts 

BSF INTCON,GIE ;Global interrupt enable 


7.2 Comparator Operation 


A single comparator is shown in Figure 7-3 along with 
the relationship between the analog input levels and the 
digital output. When the analog input at VIN+ is less 
than the analog input VIN—, the output of the comparator 
is a digital low level. When the analog input at VIN+ is 
greater than the analog input ViN—, the output of the 
comparator is a digital high level. The shaded areas of 
the output of the comparator in Figure 7-3 represent the 
uncertainty due to input offsets and response time. 


FIGURE 7-3: SINGLE COMPARATOR 





7.3 Comparator Reference 


An external or internal reference signal may be used 
depending on the comparator operating mode. The 
analog signal that is present at VIN— is compared to the 
signal at VIN+, and the digital output of the comparator 
is adjusted accordingly (see Figure 7-3). 


7.3.1 EXTERNAL REFERENCE SIGNAL 


When external voltage references are used, the com- 
parator module can be configured to have the compar- 
ators operate from the same or different reference 
sources. However, threshold detector applications may 
require the same reference. The reference signal must 
be between Vss and VDD, and can be applied to either 
pin of the comparator(s). 


7.3.2 INTERNAL REFERENCE SIGNAL 


The comparator module also allows the selection of an 
internally generated voltage reference for the compara- 
tors. Section 8.0 contains a detailed description of the 
Voltage Reference Module that provides this signal. 
The internal reference signal is used when the compar- 
ators is in mode CM<2:0>=010 (see Figure 7-2). In this 
mode, the internal voltage reference is applied to the 
VIN+ pin of both comparators. 
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7.4 Comparator ResponseTime 


Response time is the minimum time after selecting a 
new reference voltage or input source, before the com- 
parator output is guaranteed to have a valid level. If the 
internal reference is changed, the maximum delay. of 
the internal voltage reference must be considered when 
using the comparator outputs. Otherwise the maximum 
delay of the comparators should be used. (See 
Table 12-4 and Table 12-5) 


7.5 Comparator Outputs | 


The comparator outputs are read through the CMCON 
register. These bits are read only. The comparator out- 
puts may also be directly output to the RA3 and RA4 I/ 
O pins. When the CM<2:0> = 110, multiplexors in the 
output path of the RA3 and RA4 pins will switch and the 
output of each pin will be the unsynchronized output of 
the comparator. The uncertainty of each of the compar- 
ators is related to the input offset voltage and the 
response time given in the specifications. Figure 7-4 
shows the comparator output block diagram. 


The TRISA bits will still function as an output enable/ 
disable for the RA3 and RA4 pins while in this mode. 





_ FIGURE 7-4: _COMPARATOR OUTPUT BLOCK DIAGRAM 
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7.6 Comparator Interrupts 


The comparator interrupt flag is set whenever there is a 
change in the output value of either comparator. Soft- 
ware will need to maintain information about the status 
of the output bits, as read from CMCON<7‘:6>, to deter- 
mine the actual change that has occurred. The CMIF 
bit, PIR1<6>, is the comparator interrupt flag. The CMIF 
bit must be reset by setting it to a ‘0’. Since it is also pos- 
sible to write a '1' to this register, a simulated interrupt 
may be initiated. 


The CMIE bit and the PEIE bit must be set to enable the 
interrupt. In addition, the GIE bit must also be set. If any 
of these bits are clear, the interrupt is not enabled, 
though the CMIF bit will still be set if an interrupt condi- 
tion occurs. 





7.7 Comparator Operation During SLEEP 


When a comparator is active and the device is placed 
in sleep mode, the comparator remains active and the 
interrupt is functional if enabled. This interrupt will wake 
up the device from sleep mode when enabled. While 
the comparator is powered-up, higher sleep currents 
than shown in the power down current specification will 
occur. Each comparator that is operational will con- 
sume additional current as shown in the comparator 
specifications. To minimize power consumption while in 
sleep mode, turn off the comparators, CM<2:0> = 111, 
before entering sleep. If the device wakes-up from 
sleep, the contents of the CMCON register are not 
affected. 


FIGURE 7-5: ANALOG INPUT MODEL 


7.8 Effects of a RESET 


A device reset forces the CMCON register to its reset 
state. This forces the comparator module to be in the 
comparator reset mode, CM<2:0> = 000. This ensures 
that all potential inputs are analog inputs. Device cur- 
rent is minimized when analog inputs are present at 
reset time. The comparators will be powered-down dur- 
ing the reset interval. 


7.9 Analog Input Connection 
Considerations 


A simplified circuit for an analog input is shown in 
Figure 7-5. Since the analog pins are connected to a 
digital output, they have reverse biased diodes to VDD 
and Vss. The analog input therefore, must be between 
Vss and Vbb. If the input voltage deviates from this 
range by more than 0.6V in either direction, one of the 
diodes is forward biased and a latch-up may occur. A 
maximum source impedance of 10KQ is recommended 
for the analog sources. Any external component con- 
nected to an analog input pin, such as a capacitor ora 
Zener diode, should have very little leakage current. 


Ric< 10K 


Ileakage 
+500nA 


Vss 


Cpin = input capacitance 

VT = threshold voltage 

Ileakage = leakage current at the pin due to various junctions 
Ric = interconnect resistance 

RS = Source Impedance 

VA = Analog Voltage 
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TABLE 7-1: ERIOEN? ASSOCIATED WITH COMPARATOR MODULE 


pam on [oe [oe [es [ae [oe [ or [a [oe 


GRR | aE | PE Pee a _ 


O0Ch 
8Ch 















TRIS4 TRISA3 | TRISA2 | TRISA1 | TRISAO 
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8.0 VOLTAGE REFERENCE 
MODULE 


The Voltage Reference is a 16-tap resistor ladder net- 
work that provides a selectable voltage reference. The 


VREF values and has a power-down function to con- 
serve power when the reference is not being used. The 
VRCON register controls the operation of the reference 
as shown in Figure 8-1. The block diagram is given in 
Figure 8-2. 


resistor ladder is segmented to provide two ranges of 


FIGURE 8-1: VRCON REGISTER 


RW RW RW RW RW RW RW Register: VRCON/} R: Readable 


Address: 9Fh W: Writable 
Veen [Veoe [van [ - | vro Yee RL | POR Value: 00h U: Unimplemented, 


bit7 gee bitO read as ‘0’ 
VR<3:0>: VREF value selection 0 < VR [3:0] < 15 


when VRR = 1: VREF = (VR<3:0>/ 24) * VoD 
when VAR = 0: VREF = 1/4 * VDD + (VR<3:0>/ 32 * VDD) 


Var: VREF Range selection 





1 = Low Range 
0 = High Range 


VROE: VREF Output Enable 


1 = VREF is output on RA2 pin 
0 = VREF is disconnected from RA2 pin 


VREN: VREF Enable 


1 = VREF circuit powered on 
0 = VREF circuit powered down, no IDD drain 


FIGURE 8-2: VOLTAGE REFERENCE BLOCK DIAGRAM 


16 stages 


oe 


eas Se 
RO 


Note: _R is defined in Table 12-5. 
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8.1 Configuring the Voltage Reference 
The Voltage Reference can output 16 distinct pores? 
levels for each range. 


The equations used to calculate the aie of the Volt- 
age Reference are as follows: 


if VAR = 1: VREF = (VR<3:0>/24) x VOD 
if VRR = 0: VREF = (VDD x 1/4) + (VR<3:0>/32) x VDD 


The setting time of the Voltage Reference must be con- 
sidered when changing the VREF output (see Table 12- 
5). Example 8-1 shows an example of how to configure 
the Voltage Reference for an output voltage of 1.25V 
with VoD = 5.0V. 


EXAMPLE 8-1: VOLTAGE REFERENCE 


CONFIGURATION 
MOVLW 0x02 ; 4 Inputs Muxed — 
MOVWF CMCON ; to 2 comps. 
BSF STATUS , RPO ; go to Bank 1 
MOVLW 0x07 ; RA3-RAO are 
MOVWF TRISA ; outputs 
MOVLW OxA6 ; enable VREF 
MOVWF VRCON | ; low range 

: set VR<3:0>=6 

BCF STATUS, RPO : go to Bank 0 
CALL _ DELAY10 ; 10 delay 


8.2 Voltage Reference Accuracy/Error 


The full range of Vss to VDD cannot be realized due to 


the construction of the module. The transistors on the — 


top and bottom of the resistor ladder network (see 
Figure 8-2) keep VREF from approaching Vss or VDD. 
The Voltage Reference is Vop derived and therefore, 


FIGURE 8-3: 


Reference 
Output 
Impedance 





the VREF output changes with fluctuations in Vop. The 
absolute accuracy of the Voltage Reference can be 
oun in Table 12-5. 


8.3 i rati “Du rin le 


When the device wakes up from sleep through an inter- 
rupt or a Watchdog Timer timeout, the contents of the 
VRCON register are not affected. To minimize current 
consumption in sleep mode, the Voltage Reference 
should be disabled. 


8.4 Effects ofa Reset 


- Adevice reset disables the Voltage Reference by clear- 


ing VREN (VRCON<7>). This reset also disconnects 
the reference from the RA2 pin by clearing VROE 
(VRCON<6>) and selects the high voltage range by 
clearing VRR (VRCON<5>). The VREF value select bits, 
VRCON<3:0>, are also cleared. 


8.5 Connection Considerations 


The Voltage Reference Module operates independently 
of the comparator module. The output of the reference 
generator may be connected to the RA2 pin if the 
TRISA<2> bit is set and the VROE bit, VRCON<é6>, is 
set. Enabling the Voltage Reference output onto the 
RA2 pin with an input signal present will increase cur- 
rent consumption. Connecting RA2 as a digital output 
with VREF enabled will aiso increase current consump- 
tion. 


The RA2 pin can be used as a simple D/A output with 
limited drive capability. Due to the limited drive capabil- 
ity, a buffer must be used in conjunction with the Voltage 
Reference output for external connections to VREF. 
Figure 8-3 shows an example buffering technique. 


VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE 


VREF Output 


*R is dependent upon the Voltage Reference Configuration VRCON<3:0> and VRCON<5>. 


TABLE 8-1: 





















| 1Fh | CMCON | | eaxgnomogaqooonmnen prmmmpeaannaourca0 pe 
[eon [ TRIGA 










REGISTERS ASSOCIATED WITH VOLTAGE REFERENCE 


aro [one [rr _[ ote [ors [one [ons [ora [ov [ono 
/—9Fh | VRCON | VREN |~VROE | VAR | 










[vrs | vRe [Vat | VRO_ 
vie = 
TRISA2 [TRIGA [TAS 
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9.0 SPECIAL FEATURES OF THE 
CPU 


What sets apart a microcontroller from other proces- 
sors are special circuits to deal with the needs of real 
time applications. The PIC16C62xX family has a host of 
such features intended to maximize system reliability, 
minimize cost through elimination of external compo- 
nents, provide power saving operating modes and offer 
code protection. These are: 

1. OSC selection 

2. Reset 


Power-On Reset (POR) 
Power-Up Timer (PWRT) 
Oscillator Start-Up Timer (OST) 
Brown-out Detect (BOD) 


Interrupts 

Watchdog Timer (WDT) 
SLEEP 

Code protection 

ID Locations 

In-circuit serial programming 


PS Se OS 


The PIC16C62X has a watchdog timer which is con- 
trolled by configuration bits. It runs off its own RC oscil- 
lator for added reliability. There are two timers that offer 
necessary delays on power-up. One is the oscillator 
start-up timer (OST), intended to keep the chip in reset 
until the crystal oscillator is stable. The other is the 
power-up timer (PWRT), which provides a fixed delay of 
72ms (nominal) on power up only, designed to keep the 
part in reset while the power supply stabilizes. There is 
also circuitry to reset the device if a brown-out occurs 
which provides at least a 72 ms reset. With these three 
functions on-chip, most applications need no external 
reset circuitry. 


The SLEEP mode is designed to offer a very low current 
power-down mode. The user can wake up from SLEEP 
through external reset, watchdog timer time-out or 
through an interrupt. Several oscillator options are also 
made available to allow the part to fit the application. 
The RC oscillator option saves system cost vere 
crystal option saves power. A set of configuration bits 
are used to select various options. 
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9.1 Configuration Bits 


The configuration bits can be programmed (read as '0') 
or left unprogrammed (read as '1') to select various 
device. configurations. These bits are mapped in pro- 
gram memory location 2007h. 


FIGURE 9-1: 
mi 


CONFIGURATION WORD 


The user will note that address 2007h is beyond the 
user program memory space. In fact, it belongs to the 
special test/configuration memory space (2000h - 
3FFFh), which can be accessed only during program- 
ming. 


1 bit 


Register: CONFIG 
Address: 2007h 





FOSC<1:0>: OSC selection bits. 


11 :RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: WDT enable bits. 


1 = WDT enabled 
0= WDT disabled 


PWRTE: Power-up timer enable bits. 


1 = power-up timer disabled 
_ O= power-up timer enabled. 


See Note 1. 
CP<1:0>: Code protection bits. 
512 1K 2K 
Memory Memory -Memory 

CP<1:0>=11: Code Code Code 

protection off protection off protection off 
CP<1:0>=10: Code Code Upper 1/2 

protection off protection off protected 
CP<1:0>=01: Code Upper 1/2 of | Upper 3/4 

protection off program protected 

memory 
code protected 
CP<1:0>=00: Allmemory Allmemory = All memory 
is code is code is code 


protected protected protected 
BODEN: Brown-out Detect bits. 


1 = Brown-out detect is enabled. 
O = Brown-out detect is disabled. 


See Note 1. 


Note 1: The Power-up Timer should always be enabled when Brown-out Detect is enabled. 
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9.2 Oscillator Configurations 
9.2.4 OSCILLATOR TYPES 


The PIC16CXX can be operated in four different oscil- 
lator options. The user can program two configuration 
bits (FOSC1 and FOSCO) to select one of these four 
modes: 


e LP Low Power Crystal 
e XT Crystal/Resonator 
e HS High Speed Crystal/Resonator 
e RC Resistor/Capacitor 


9.2.2 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS 


In XT, LP or HS modes a crystal or ceramic resonator 
is connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 9-2). The PIC16CXX Oscillator 
design requires the use of a parallel cut crystal. Use of 
a series cut crystal may give a frequency out of the 
crystal manufacturers specifications. When in XT, LP 
or HS modes, the device can have an external clock 
source to drive the OSC1 pin. This is shown in 
Figure 9-3. 


FIGURE 9-2: 


CRYSTAL OPERATION (OR 
CERAMIC RESONATOR) (HS, 
XT OR LP OSC 
CONFIGURATION) 


PIC1I6CXX 


See Table 9-1 and Table 9-2 for recommended val- 
ues of C1 and C2. 


Note 1: A series resistor may be required for AT 
strip cut crystals. 





FIGURE 9-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 


OSC CONFIGURATION) 


Clock from 


ext. system Osc 


PIC16CXX 
Open OSC2 





TABLE 9-1: CAPACITOR SELECTION 
FOR CERAMIC RESONATORS 


(PRELIMINARY) 


Oscillator Resonator Cabacttor manga 
Type Frequency C1=C2' 


455 kHz 
2.0 MHz 
4.0 MHz 


8.0MHz 
16.0 MHz 


Higher capacitance increases the stability of oscilla- 
tor but also increases the start-up time. These values 
are for design guidance only. Since each resonator 
has its own characteristics, the user should consult 


the resonator manufacturer for appropriate values of 
external components. 


Resonators Used: 
455 kHz Panasonic EFO-A455K04B +/- 0.3% 
2.0MHz Murata Erie CSA2.00MG +/- 0.5% 
4.0MHz Murata Erie CSA4.00MG +/- 0.5% 
8.0MHz Murata Erie CSA8.00MT +/- 0.5% 
16.0 MHz Murata Erie CSA16.00MX +/- 0.5% 


All resonators used did not have built-in capacitors. 





TABLE 9-2: CAPACITOR SELECTION 


FOR CRYSTAL OSCILLATOR 
(PRELIMINARY) 


Osc 

ee 
| 32kHz | 68- - 68-100pF | 68- | 68-100pF 
200 kHz 15-30pF 15-30pF 
















100 kHz 68- “1SOpF 150-200pF 
2 MHz 15-30pF 15-30pF 
4 MHz 15-30pF 15-30pF 
4 MHz 15-30pF 15-30pF 
10 MHz 15-30pF 15-30pF 
20 MHz 15-30pF 15-30pF 









Higher capacitance increases the stability of oscilla- 
tor but also increases the start-up time. These val- 
ues are for design guidance only. Rs may be 
required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specification. 
Since each crystal has its own characteristics, the 
user should consult the crystal manufacturer for 
appropriate values of external components. 


. ‘ | 
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9.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT) 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types 
of crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 


Figure 9-4 shows implementation of a parallel resonant 
oscillator circuit. The circuit is designed to use the fun- 
damental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a par- 
allel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 10 kQ potenti- 
ometers bias the 74AS04 in the linear region. This 
could be used for external oscillator designs. 


FIGURE 9-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT | 


To Other 
Devices 51C16CXx 


20pF | 20pF 


Figure 9-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre- 
quency of the crystal. The inverter performs a 180- 
degree phase shift in a series resonant oscillator circuit. 
The 330-W resistors provide the negative feedback to 
bias the inverters in their linear region. | | 


FIGURE 9-5: EXTERNAL SERIES 
-RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 





- To Other 


Devices Bic 16Cxx 


74AS04 








9.2.4 RCOSCILLATOR 


For timing insensitive applications the "RC" device 
option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resis- 
tor (Rext) and capacitor (Cext) values, and the operat- 
ing temperature. In addition to this, the oscillator 
frequency will vary from unit to unit due to normal pro- 
cess parameter variation. Furthermore, the difference 
in lead frame capacitance between package types will 
also affect the oscillation frequency, especially for low 
Cext values. The user also needs to take into account 
variation due to tolerance of external R and C compo- 
nents used. Figure 9-6 shows how the R/C combina- 
tion is connected to the PIC16CXX. For Rext values 
below 2.2 kQ, the oscillator operation may become 
unstable, or stop completely. For very high Rext values 
(e.g. 1 MQ), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3 kQ and 100 kQ 


Although the oscillator will operate with no external 
capacitor (Cext = O pF),-we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
Capacitances, such as PCB trace capacitance or pack- 
age lead frame capacitance. 


See Section 13.0 for RC frequency variation from part 
to part due to normal process variation. The variation 
is larger for larger R (since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). 


See Section 13.0 for variation of oscillator frequency 
due to VDD for given Rext/Cext values as well as fre- 
quency variation due to operating temperature for given 
R, C, and VpD values. 


The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur- 
poses or to synchronize other logic (see Figure 3-2 for 
waveform). 


FIGURE 9-6: RC OSCILLATOR MODE 


Internal 
clock 


PIC16CXX 


OSC2/CLKOUT 
Fosc/4 





DS30235B-page 2-248 


Preliminary 


© 1995 Microchip Technology Inc. 


PIC16C62X 





9.3 Reset 


The PIC16CXX differentiates between various kinds of 
reset: 


a) Power-on reset (POR) 

b) MCLR reset during normal operation 

c) MCLR reset during SLEEP 

d) WOT time-out reset during normal operation 
e) WDT time-out reset during SLEEP 


Brown-out Detect 


f) 
Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a “reset 
state” on power-on reset (POR), on MCLR or WDT 
reset during normal operation and on MCLR reset dur- 
ing SLEEP. They are not affected by a WDT reset dur- 
ing SLEEP, since this reset is viewed as the resumption 


FIGURE 9-7: 


Reset 


WDT Time-out 
Reset 


WDT 
Module 
Vop rise 

detect 


Brown-out 
detect 


Power On 
Reset 


OST/PWRT 
OST 
> 10 bit Ripple counter - 2 


Pe ee 


L> 10 bit Ripple counter 


T This is a separate oscillator 
from the RC oscillator of the 
CLKIN pin. 


Enable OST 


Enable PWRT a 
¥ 


of normal operation. TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Table 9-4. These bits are used in software to determine 
the nature of reset. See Table 9-6 for a full description 
of reset states of all registers. 


A simplified block diagram of the on-chip reset circuit is 
shown in Figure 9-7. 


The MCLR reset path has a noise filter to detect and 
ignore small pulses. See Table 12-6 for pulse width 
specification. 


SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


Chip_Reset 


POWER_UP 
(Enable the PWRT timer 
only if it is power_up). 


POWER_UP + WAKE_UP (XT + LP) 
(Enable the OST if it is power_up or wake_up 
from SLEEP and OSC type is XT or LP) 
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9.4 Power-On Reset (POR), Power-Up- — 
Timer (PWRT), Oscillator Start-up 
Timer (OST) and Brown-out Detect — 
(BOD) | | | 


9.4.1 POWER-ON RESET (POR) | 


A Power-On Reset pulse is generated on-chip when 


VDD rise is detected (in the range of 1.6V - 1.8V). To 
take advantage of the POR, just tie MCLR pin directly 
(or through a resistor) to VDD. This will eliminate exter- 
nal RC components usually needed to create Power- 
On Reset. A maximum rise time for VDD is required. 
See Electrical Specifications for details. 


The POR circuit does not produce internal reset when 
VoD declines. 


9.42 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 72ms (nominal) 
time-out on power-up only, from POR or Brown-out 
Detect. The power-up timer operates on an internal RC 
oscillator. The chip is kept in reset as long as PWRT is 
active. The PWRT delay allows the VpD to rise to an 
acceptable level. A configuration bit, PWRTE can dis- 
able (if set) or enable (if cleared or programmed) the 
power-up timer. The Power-up Timer should always be 
enabled when Brown-out Detect is enabled. 


The Power-Up Time delay will vary from chip to chip 
and due to VDD, temperature and process variation. 
See DC parameters for details. 


FIGURE 9-8: BROWN-OUT SITUATIONS 


Internal 
Reset 


Internal 
Reset 


Internal 
Reset 
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9.4.3. OSCILLATOR START-UP TIMER (OST) | 


The Oscillator Start-Up Timer (OST) provides a 1024 
oscillator cycle (from OSC1 input) delay after the 
PWRT delay is over. This guarantees that the crystal 
oscillator or resonator has started and stabilized. . 


The OST time-out is invoked only for XT, LP and HS 
modes and only on power-on reset or wake-up from 
SLEEP. Oo | 


9.4.4 BROWN-OUT DETECT (BOD) | 


The. PIC16C62X members have on-chip brown-out 
detection circuitry. A configuration bit, BODEN, can dis- 
able (if clear/programmed) or enable (if set) the Brown- 
out Detect reset circuitry. If VDD falls below 4.0V (3.8V - 
4.2V range) for greater than parameter 35 in Table 12- 
6, the brown-out situation will reset the chip. A reset is 
not guaranteed to occur if VDD falls below 4.0V for less 
than parameter 35. The chip will remain in Brown-out 
Detect reset until VOD rises above BVDD. The Power-Up 
Timer will now be invoked and will keep the chip in reset 
an additional 72 ms. If VoD drops below BVDD while the 
Power-Up Timer is running, the chip will go back into a 
Brown-out Detect reset and the Power-Up Timer will be 
initialized. Once VoD rises above BVbD, the Power-Up 
Timer will execute a 72 ms reset. The Power-up Timer 
should always be enabled when Brown-out Detect is 
enabled. Figure 9-8 shows typical Brown-out situations. 


BVpbp Max. 
BVbp Min. 


BVob Max. 
BVop Min. 


BVpb Max. 
.BVbp Min. 
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945 TIME-OUT SEQUENCE 


On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE bit status. For 
example, in RC mode with PWRTE bit erased (PWRT 
disabled), there will be no time-out at all. Figure 9-9, 
Figure 9-10 and Figure 9-11 depict time-out 
sequences. 


Since the time-outs occur from the POR pulse, if MCLR 
is Kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately 
(see Figure 9-10). This is useful for testing purposes or 
to synchronize more than one PIC16C62X device oper- 
ating in parallel. 


Table 9-5 shows the reset conditions for some special 
registers, while Table 9-6 shows the reset conditions for 
all the registers. 


TABLE 9-3: 










TABLE 9-4: 


Power-on-reset 


ee legal, TO is set on POR 
po | xX | X |__| Megat, POs set on FOR 
SE FD ee ee Brown-out reset 


WDT reset during 
normal operation 


TIME-OUT IN VARIOUS SITUATIONS 


: 
Oscillator Configuration Brown-out Wake ma 
PWRTE =0 PWRTE = 1 SLEEP 


T  XTHS,LP OS™ HS, LP 72 ms + 1024 tosc 1024 tosc 72 ms + 1024 tosc 1024 tose 
RC 


9.4.6 POWER CONTROL/STATUS REGISTER | 
(PCON) 


The power control/status register, PCON (address 8Eh) 
has two bits. 


Bit 0 is BO (Brown-out). BO is unknown on power-on- 
reset. It must then be set by the user and checked on 
subsequent resets to see if BO = 0 indicating that a 
brown-out has occurred. The BO status bit is a don’t 
care and is not necessarily predictable if the brown-out 
circuit is disabled (by setting BODEN bit = 0 in the Con- 
figuration word). 


Bit 1 is POR (Power-on-reset). It is a ‘0’ on power-on- 
reset and unaffected otherwise. The user must write a 
‘1’ to this bit following a power-on-reset. On a subse- 
quent reset if POR is ‘0’, it will indicate that a power-on- 
reset must have occurred (VDD may have gone too 
low). 


STATUS BITS AND THEIR SIGNIFICANCE 


WDT time-out wakeup from SLEEP 


MCLR reset during 
normal operation 


MCLR reset during SLEEP 
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TABLE 9-5: INITIALIZATION CONDITION FOR SPECIAL REGISTERS Ee 


se oe. PCL Addr: 02h STATUS Addr: 03h -PCON Addr: 8Eh 
Power on reset . eae: aaa 


MCLR reset during normal operation QOOliuwu ff we uu 


MCLR reset during SLEEP - a 0001 Ouuu 


WDT during SLEEP | 





Interrupt wake-up from SLEEP : | | | 
| PC+1! - uuul Ouuu 


Legend: Legend: u = unchanged, x= unknown, - = unimplemented bit, reads as ‘0’. 
Note 1: When wake-up is due to an interrupt (GIE = 1), the next instruction after the SLEEP instruction is 
| executed, and then a branch to 004h occurs. 


TABLE 9-6: INITIALIZATION CONDITION FOR REGISTERS 


Register Address e Power-on Reset ¢ MCLR Reset during ¢ Wake up from 
normal operation | SLEEP through 


¢ MCLR Reset during interrupt 

SLEEP _ | @ Wake up from 
¢ WDT Reset — SLEEP through 
¢ Brown-out Reset (") WDT time-out 


XXXH XXXX uuuUu =UUuUuU 


uuuu uUuUuU 
INDF 


TMRO 
PCL 


STATUS 


S 
PORTA 
PORTB 
CMCON 
PCLATH 
INTCON 


PIR1 


OPTION 
TRISA 


Oth 


| uuuu =ouuUuU 


0000 0000 0000 0000 pe +1 (3). 


XXXX XXXX uuu =UUUU 


TI 


00h 

02h 

O3h 

Oar TTT 
08h TT 
OAh 
OBh 
OCh 


rFh aur= uuu 
81h LT a ~ uuuu uuuu 
B6h “=u uuu 
TRIS |__ 86h TT 
a 


PCON 8Eh Ox ey | 


VRCON 9Fh 000- 0000 000- 0000 


Legend: u = unchanged, x = unknown, -.= unimplemented bit, reads as ‘0’, ? = value depends on condition. 


Note 1: If Vop goes too low, power on reset will be activated and registers will be affected differently. | 

Note 2: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 

Note 3: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 
(0004h). | 

Note 4: See Table 9-5 for reset value for specific condition. 


NO 


NS 


| 
c 
I 
| 
I 
I 
I 
1 





DS30235B-page 2-252 Pr eliminary © 1995 Microchip Technology Inc. 


PIC16C62X 





FIGURE 9-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): CASE 1 


VppD 


MCLR 


INTERNAL POR 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET pee eee tt 


Vpp 
MCLR 


INTERNAL POR 
PWRT TIME-OUT 
OST TIME-OUT 


[INTERNAL RESET en eee nero en 


FIGURE 9-11: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vpp) 


VOD sete n cee 
MCLR = ————— | | 
INTERNAL POR peat es Hk oe ee 





—+——  tPwART—— | 


fee 


PWRT TIME-OUT 1< tose! 


OST TIME-OUT ee t—(“(<“i<i‘“‘O:OSOSCSC*™S 
INTERNAL RESET armen re nnees: 


REE EEC REESE BEIT SE EE LEE PE ORI IOS EDGE ET TLE PETE ISIE SATE SE DEI IER SLI ESE IED ARTE GEESE EPEC DETR ELLE DS IEE IETS EE EIS ETAT DEEL PE TP CNT PCE EB LIEB, PAE STR TOR DITTO IE SIE DOI EVE CL IE TET ESET IEEE ADIT ENED ETE TILSEN 
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FIGURE 9-12: EXTERNAL POWER-ON FIGURE 9-13: BROWN-OUT PROTECTION: 
™ RESET CIRCUIT (FOR SLOW CIRCUIT 1 
Vpp POWER-UP) 


MCLR 
MCLR 


PIC16CXX 
PIC16CXX 


Note: 


1. This circuit will activate reset when VoD» : 
goes below (Vz + 0.7V) where Vz = Zener... 
voltage. 


Note: 
1. ‘External power-on reset circuit is required 
only if VDD power-up slope is too slow. The 
diode D helps discharge the capacitor 
-, quickly when VbD powers down. 

. R < 40KQ is recommended to make sure Sats 

..that voltage drop across R does not exceed FIGURE 9-14: BROWN-OUT PROTECTION 
“"0.2V (max leakage current spec on MCLR CIRCUIT 2 

pin is 5A). A larger voltage drop will 
. degrade VIH level on MCLR pin. 

. , R1 = 1002 to 1KQ will limit any current flow- 
“ing into MCLR from external capacitor C in 
the event of MCLR pin breakdown due to 
ESD or EOS. 





MCLR 





PIC16CXX 


Note: 


1. This brown-out circuit is less expensive, 
albeit less accurate. Transistor Q1 turns off 
when VDD is below a certain level such 
that: 


© sens = 0.7V. 
VDD “E74 
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9.5 Interrupts 


The PIC16C62X has 4 sources of interrupt: 


e External interrupt RBO/INT 

e TMRO overflow interrupt 

e PortB change interrupts (pins RB<7:4>) 
e Comparator interrupt 


The interrupt control register (INTCON, addr OBh/8BH) 
records individual interrupt requests in flag bits. It also 
has individual and global interrupt enable bits. 


A global interrupt enable bit, GIE (INTCON<7>) 
enables (if set) all un-masked interrupts or disables (if 
cleared) all interrupts. Individual interrupts can be dis- 
abled through their corresponding enable bits in 
INTCON register. GIE is cleared on reset. 


The “return from interrupt” instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit, which re- 
enable interrupts. 


The INT pin interrupt, the RB port change interrupt and 
the TMRO overflow interrupt flags are contained in the 
INTCON register. 


The peripheral interrupt flag is contained in the special 
register PIR1. The corresponding interrupt enable bit is 
contained in special registers PIE1. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is 
pushed into the stack and the PC is loaded with 0004h. 
Once in the interrupt service routine the source(s) of 


FIGURE 9-15: INTERRUPT LOGIC 





the interrupt can be determined by polling the interrupt 
flag bits. The interrupt flag bit(s) must be cleared in soft- 
ware before re-enabling interrupts to avoid recursive 
interrupts. 


For external interrupt events, such as the INT pin or 
PORTB change interrupt, the interrupt latency will be 
three or four instruction cycles. The exact latency 
depends when the interrupt event occurs (See Figure 9- 
16). The latency is the same for one or two cycle 
instructions. Once in the interrupt service routine the 
source(s) of the interrupt can be determined by polling 
the interrupt flag bits. The interrupt flag bit(s) must be 
cleared in software before re-enabling interrupts to 
avoid multiple interrupt requests. Individual interrupt 
flag bits are set regardless of the status of their corre- 
sponding mask bit or the GIE bit. 





Wakeup 
(if in Sleep Mode) 


interrupt 
to CPU 
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9.5.1. INT INTERRUPT 


External interrupt on RBO/INT pin is edge. triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or fall- 
ing, if INFEDG bit is clear. When a valid edge appears 
on the INT pin, the INTF bit (INTCON<1>) is set. This 
interrupt can be disabled by clearing the INTE control 
bit (INTCON<4>). The INTF bit must be cleared in soft- 
ware in the interrupt service routine before re-enabling 
this interrupt. The INT interrupt can wake up the pro- 
cessor from SLEEP, if the INTE bit was set prior to 
going into SLEEP. The status of the GIE bit decides 
whether or not the processor branches to the interrupt 
vector following wake-up. See Section 9.8 for details 
on SLEEP and Figure 9-19 for timing of wake-up from 
SLEEP through INT interrupt. 


9.5.2 TMRO INTERRUPT 


An overflow (FFh > 00h) in the TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing TOIE (INTCON<5>) bit. For 
operation of the TMRO module, see Section 6.0. 


FIGURE 9-16: INT PIN INTERRUPT TIMING 


ai] a2| as| as a1 | a2 | as | a4 


OSC1 


cLKouT() 


INT pin 


INTF flag 
(INTCON <1>) 


GIE bit 
(INTCON <7>) 


INSTRUCTION FLOW 


PC Pot 


Instruction { 


fetched Inst (PC) 


Inst (PC + 1) 


Instruction 
executed 


Inst (PC - 1) Inst (PC) 


Notes: 
1. INTF flag is sampled here (every Q1) 
2. Interrupt latency = 3-4 Tcy where Tcy = 


Dummy cycle 


95.3 PORT RB INTERRUPT 


An input change on PortB <7:4> sets the RBIF 
(INTCON<0>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing the RBIE (INTCON<4>) bit. 
For operation of PortB, see Section 5.2. 








9.5.4 COMPARATOR INTERRUPT 


See Section 7.6 for complete description of comparator 
interrupts. 


ai| az| as] aa! at| a2] as] a4| ar] a2| as| as 


Se ll 


Interrupt Latency (Note 2) 


) 0004h 


Inst (0004h) Inst (0005h) 


Dummy cycle Inst (0004h) 


instruction cycle time. 


Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 
3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 
5. INTF is enabled to be set anytime during the Q4-Q1 cycles. 
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9.6 ntext Saving During Interrupt 

During an interrupt, only the return PC value is saved 
on the stack. Typically, users may wish to save key reg- 
isters during an interrupt e.g. W register and STATUS 


register. This will have to be implemented in software. 


Example 9-1 stores and restores the STATUS and W 
registers. The user register, W_TEMP, must be defined 
in both banks and must be defined at the same offset 
from the bank base address (i.e. W_TEMP is defined at 
0x20 in Bank 0 and it must also be defined at OxA0 in 
Bank 1). The user register, STATUS_TEMP, must be 
defined in Bank 0. The Example 9-1: 


e Stores the W register 
¢ Stores the STATUS register in Bank 0 
e Executes the ISR code 


e Restores the STATUS (and bank select bit regis- 
ter) 


e Restores the W register 


EXAMPLE 9-1: SAVING THE STATUS AND 
W REGISTERS IN RAM 

MOVWF W_TEMP scopy W to temp register, 
;could be in either bank 

SWAPF STATUS ,W ;swap status to be saved into W 

BCF STATUS , RPO ;change to bank 0 regardless 
;of current bank 

MOVWF STATUS_TEMP psave status to bank 0 
;register 

(ISR) 
SWAPF STATUS_TEMP,W ;swap STATUS_TEMP register 


;into W, sets bank to original 
;state 


MOVWF STATUS ;move W into STATUS register 
SWAPF W_TEMP ,F 7Swap W_TEMP 
SWAPF W_TEMP , W ;swap W_TEMP into W 


9.7 Watchdog Timer (WDT 


The watchdog timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. This RC oscillator is separate from the RC 
oscillator of the CLKIN pin. That means that the WDT 
will run, even if the clock on the OSC1 and OSC2 pins 
of the device has been stopped, for example, by execu- 
tion of a SLEEP instruction. During normal operation, 
a WDT time-out generates a device RESET. If the 
device is in SLEEP mode, a WDT timeout causes the 
device to wake-up and continue with normai operation. 
The WDT can be permanently disabled by program- 
ming the configuration bit WDTE as a '0' (Section 9.1). 


9.7.1. WDT PERIOD 


The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 
2.3 seconds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler, if assigned to the WDT, and prevent 
it from timing out and generating a device RESET con- 
dition. 

The TO bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 


9.72 WDT PROGRAMMING CONSIDERATIONS 


It should also be taken in account that under worst case 
conditions (VDD = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
time-out occurs. 
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FIGURE 9-17: WATCHDOG TIMER BLOCK DIAGRAM 


From TMRO Clock Source 
(see Figure 6-6) 


Postscal 
Watchdog alas 


Timer 


8 - to -1 MUX 
WDT 


Enable Bit 
To TMRO (see Figure 6-6) 


Time-out 


Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 
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9.8 Power-Down Mode (SLEEP) 


The Power-Down mode is entered by executing a 
SLEEP instruction. 


lf enabled, the Watchdog Timer will be cleared but 
keeps running, the PD bit in the STATUS register is 
cleared, the TO bit is set, and the oscillator driver is 
turned off. The I/O ports maintain the status they had, 
before the SLEEP command was executed (driving 
high, low, or hi-impedance). | 


For lowest current consumption in this mode, all 1/O 
pins should be either at VDD, or Vss, with no external 
circuitry drawing current from the I/O pin and the com- 
parators and VREF should be disabled. |/O pins that are 
hi-impedance inputs should be pulled high or low exter- 
nally to avoid switching currents caused by floating 
inputs. The TOCKI input should also be at VDD or Vss 
for lowest current consumption. The contribution from 
on chip pull-ups on PortB should be considered. 


The MCLR pin must be at a logic high level (ViHMc). 


It should be noted that a RESET generated by a WDT 
time-out does not drive MCLR pin low. 


9.8.1 WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of 
the following events: 
1. External reset input on MCLR pin 
2. * Watchdog timer time-out reset (if WDT was 
= enabled) 
3. Interrupt from INT pin, RB port change, or the . 
Peripheral Interrupt (Comparator). 


The first event will cause a device reset. The two latter 
events are considered a continuation of program exe- 
cution. The TO and PD bits in the STATUS register can 
be used to determine the cause of device reset. PDbit, 
which is set on power-up is cleared when SLEEP is 
invoked. TO bit is cleared if WDT time-out occurred 
(and caused wake-up). 


When the SLEEP instruction is being executed, the 
next instruction (PC + 1) is pre-fetched. For the device 
to wake-up through an interrupt event, the correspond- 
ing interrupt enable bit must be set (enabled). Wake-up 
is regardless of the state of the GIE bit. If the GIE bit is 
clear (disabled), the device continues execution at the 
instruction after the SLEEP instruction. If the GIE bit is 
set (enabled), the device executes the instruction after 
the SLEEP instruction and then branches to the inter- 
rupt address (0004h). In cases where the execution of 
the instruction following SLEEP is not desirable, the 
user should have a NOP after the SLEEP instruction. 








The WDT is cleared when the device wakes-up from 
sleep, regardless of the source of wake-up. 


FIGURE 9-19: WAKE-UP FROM SLEEP THROUGH INTERRUPT 


INTF flag 
(INTCON <1>) 


GIE bit : 
(INTCON <7>) Processorin | 
SLEEP | 

' 


Instruction 
eit Inst (PC) = SLEEP Inst (PC + 1) 


Instruction Inst (PC - 1) SLEEP 
executed 


Notes: 
1. XT, HS or LP oscillator mode assumed. 


Inst (PC + 2) Inst (000Sh) 


1 
‘ Inst (PC + 1) Dummy cycle Inst (0004h) 





2. tost = 1024 tosc (drawing not to scale) This delay will not be there for RC osc mode. 
3. GIE = 1 assumed. In this case after wake up processor jumps to interrupt routine. 

lf GIE = 0, execution will continue in line. 
4. CLKOUT is not available in these osc modes, but shown here for timing reference. 
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9.9 Code Protection 


The code in the program memory can be protected by 
programming the.code protect bits (CP<1:0>). 






P: 


The microcontroller code protection scheme allows the 
user to selectively code protect portions of the program 
memory. Refer to Figure 9-1 for the bit assignments to 
enable code protection. Once a program segment has 
been code protected, those memory locations cannot 
be further programmed. Unprotected segments will 
read normally and may be reprogrammed. 


The configuration word and ID locations are not code 
protected 


9.10 ID Locations 


Four memory locations (2000h-2003h) are designated 
as ID locations where the user can store checksum or 
other code-identification numbers. These locations are 
not accessible during normal execution but are read- 
able and writable during program/verify. Only the least 
significant 4 bits of the ID locations are useable. 





9.11 In-Circuit Serial Programming 


The PIC16CXX microcontrollers can be serially pro- 
grammed while in the end application circuit. This is 
simply done with two lines for clock and data, and three 
other lines for power, ground, and the programming 
voltage. This allows customers to manufacture boards 
with unprogrammed devices, and then program the 
microcontroller just before shipping the product. This 
also allows the most recent firmware or a custom firm- 
ware to be programmed. 


The device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (VPP) pin from VIL to VIHH (see programming 
specification). RB6 becomes the programming clock 
and RB7 becomes the programming data. Both RB6 
and RB7 are Schmitt trigger inputs in this mode. | 





After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location OOh. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program data are then 
supplied to or from the device, depending if the com- 
mand was a load or a read. For complete details of 
serial programming, please refer to the PIC16C6X/7X 
Programming Specifications (Literature #DS30228). 


A typical in-system serial programming connection is 
shown in Figure 9-20. oO : 


FIGURE 9-20: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING | 
CONNECTION 


To Normal 
External : Connections 


Connector 
Signals 


PIC16CXX 


To Normal 
Connections 





DS30235B-page 2-260 Prel 


iminary 


© 1995 Microchip Technology Inc. 


PIC16C62X 





10.0 INSTRUCTION SET SUMMARY 


Each PIC16CXxX instruction is a 14-bit word divided 
into an OPCODE which specifies the instruction type 
and one or more operands which further specify the 
operation of the instruction. The PIC16CXX instruction 
set summary in Table 10-2 lists byte-oriented, bit-ori- 
ented, and literal and control operations. Table 10-1 
shows the opcode field descriptions. 


For byte-oriented instructions, 'f' represents a file regis- 
ter designator and ‘d' represents a destination designa- 
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If ‘d' is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 'b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while 'f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an eight 
or eleven bit constant or literal value. 


TABLE 10-1: OPCODE FIELD 
DESCRIPTIONS 


g [Register le address (0010 OXF) 
_[bterl fet, constant deta orlabel 


Don't care location (= 0 or 1) 
The assembler will generate code with x = 0. Itis 
the recommended form of use for compatibility with 
all software tools. 


Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 


Label name 



























labe 
TOS 
PC 


Top of Stack 


1 
LATH| Program Counter High Latch 

GIE | Global Interrupt Enable Bit 

T |Watchdog Timer Counter 


TO |Time-out Bit 


Destination either the W register or the specified reg- 
ister file location 





BEGo 


a 












Ee 


y [eens 
= 
= 








The instruction set is highly orthogonal and is grouped 
into three basic categories: 


e Byte oriented operations 
e Bit oriented operations 
¢ Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the pro- 
gram counter is changed as a result of an instruction. In 
this case, the execution takes two instruction cycles 
with the second cycle executed as a NOP. One instruc- 
tion cycle consists of four oscillator periods. Thus, for an 
oscillator frequency of 4 MHz, the normal instruction 
execution time is 1 usec. If a conditional test is true or 
the program counter is changed as a result of an 
instruction, the instruction execution time is 2 usec. 


Table 10-2 lists the instructions recognized by the 
MPASM assembler. 


Figure 10-1 shows the three general formats that the 
instructions can have. 


All examples use the following format to represent a 
hexadecimal number: 


Oxhh 
where h signifies a hexadecimal digit. 
FIGURE 10-1: GENERAL FORMAT FOR 
INSTRUCTIONS 
Byte-oriented file register operations 
13 8 7 6 0 


OPCODE ede f (FILE #) 


d = 0 for destination W 
d = 1 for destination f 
f =7-bit file register address 


Bit-oriented file register operations 
13 10 9 7 6 


OPCODE b (BIT #) f (FILE #) 


b = 3-bit bit address 
f = 7-bit file register address 


Literal and control operations . 
13 8 7 0 


OPCODE k (literal) 


k = 8-bit immediate value 
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TABLE 10-2: PIC16CXX INSTRUCTION SET 


Mnemonic, Description | ‘Cycles 14-Bit Opcode | Status Notes 
ees as paaes ee 
DC 


Add W and f 
AND W and f 
Clear f 

| Clear W 
Complement f — 
Decrementf . 
Decrement f, Skip if 0 
Increment f . 
Increment f, Skip if 0 
Inclusive OR W and f 
Move f 
Move W to f 
No Operation 
Rotate left through carry 
Rotate right f through carry 
Subtract W from f 
Swap nibbles in f 
Exclusive OR W and f 


BIT-ORIENTED FILE REGISTER OPERATIONS 


BCF f,b | Bit Clear f . | | 01 O0bb bfff ffff 
BSF f,b | Bit Setf | 01 Olbb bfff ffff 
BTFSC f,b | Bit Test f, Skip if Clear 01 10bb bfff ffff 
BTFSS f,b | Bit Test f, Skip if Set | | 01 11bb bfff ffff 


LITERAL AND CONTROL OPERATIONS 


Add literal to W 

AND |iteral to W 

Cail subroutine 

Clear watchdog timer 
Go to address | 
Inclusive OR literal to W 
Move literal to W 
Return from interrupt 
Return with literal in W 
Return from subroutine. 
Go into standby mode 
Subtract W from literal 
Excl. OR literal to W 


Note 1: When an I/O register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that 
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input andi is 
_ driven low by an external device, the data will be written back with a ‘O'. 
Note 2: If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared 
if assigned to the TMRO. 
Note 3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two. cycles. The sec- 
ond cycle is executed as a NOP. 


Rees 
aa 


nh 


— ; 


aQaaaaanana 
—_ 
AL) 


f 
f 
f 
f 
f 
f 
f 
f 
f 
f 
f 
f 
f 
f 


ee ee ee 


aaaaa 


a i ee 


wh ht wh AD AD ND — — NO =| ND = 


xx 
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10.1 instruction Descriptions 


ADDLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


ADDWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Add Literal to W 

{ label] ADDLW_ k 
0<k<255 
(W)+k>W 

C, DC, Z 


The contents of the W register are 
added to the eight bit literal 'k' and the 
result is placed in the W register. 


1 
1 


ADDL 0x15 
Ww 


Before Instruction 

W = 0x10 
After Instruction 

W = 0x25 


ADD W tof 
[abel] ADDWF td 


0<f<127 
de [0,1] 


(W) + (f) > (dest) 
C,DC, Z 


| 00 | 0111 | afee | £EEE 


Add the contents of the W register to 
register ‘f'. If‘d' is 0 the result is 
stored in the W register. If ‘d' is 1 the 
result is stored back in register ‘f’. 


1 
1 
ADDWF FSR, 0 


Before Instruction 


W = 0x17 

FSR= OxC2 
After Instruction 

W = 0xD9 

FSR= OxC2 


ANDLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 


Description: 


Words: 
Cycles: 
Example 


ANDWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


_ And Literal and W | 


[label] ANDLW_ k 
O<k<255 

(W) .AND. (k) 3 W 
Z 


1001 | kkkk | kkkk 


The contents of W register are 
AND’ed with the eight bit literal 'k’. 
The result is placed in the W register. 


1 
1 
ANDLW Ox5F 


Before Instruction 


W = OxA3 
After Instruction 

W = OQx03 
AND W with f 
[ label] ANDWF fd 
O0<f<127 
de [0,1] 
(W) .AND. (f) > (dest) 
Z 


| 00 | 0101 afre | fffF 


AND the W register with register ‘f’. If 
'd' is 0 the result is stored in the W 
register. If ‘d'is 1 the result is stored 
back in register 'f'. 


1 
1 
ANDWF FSR». 1 


Before Instruction 


W = 0x17 

FSR= OxC2 
After Instruction 

W = 0x17 

FSR= Ox02 
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Operation: 
Status Affected: 
Encoding: | 
Description: 


Operation: 

Status Affected: 

Encoding: 
Description: 


Bit Clear f BTFSC 

[ label] BCF_ f,b Syntax: 

O<f<127 Operands: 

O<b<7 

0 — f <b> Operation: 

None Status Affected: 

Bit 'b' in register ‘f' is cleared. Description: _ 

, 

, 

BCF FLAG_REG, 7 

Before Instruction 

After egracien pee nore: 
FLAG_REG = 0x47 Cycles: 

Example 

Bit Set f 

[ labe!] BSF f,b 

O<f<127 

O<b<7 

1 > f<b> 

None 


Bit ‘b' in register ‘f' is set. 
, 
1 
BSF FLAG_REG, 7 


Before Instruction 
FLAG_REG= Ox0A 

After instruction 
FLAG_REG= Ox8A 


BIT Test, skip if Clear 
[label] BTFSC f,b 


O0<f<127 
O<b<7 


skip if (f<b>) = 0 
None 


If bit ‘b' in register ‘f' is ‘0' then the next 


instruction is skipped. 

If bit 'b' is '0' then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed instead, making this a 2 cycle 
instruction. - 


1 

1(2) 

HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE ¢ 


Before Instruction 


PC = address HERE 
After Instruction 
if FLAG<1>=0, - 
PC=address TRUE 
if FLAG<1>=1, 
FALSE 


PC=address 
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BTFSS 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


CALL 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Bit Test, skip if Set 
[ label] BTFSS f,b 
O<f<127 
O<b<7 

skip if (f<b>) = 1 
None 






If bit 'b’ In register ‘f' is '1' then the next 
instruction Is skipped. 

If bit 'b' is '1', then the next instruction 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead, making this a 2 cycle 
instruction. 


{ 
1(2) 


HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE ° 


Before Instruction 


PO address HERE 
After Instruction 

if FLAG<1>=0, 

PC=address FALSE 

if FLAG<1>=1, 

PC=address TRUE 


Subroutine Call 
[label] CALL k 
0<k<2047 


(PC)+ 1 TOS, 
kK — PC<10:0>, 
(PCLATH<4:3>) — PC<12:11> 


None 


7 Okkk | kkkk | kkkk 


Subroutine call. First, return address 
(PC+1) is pushed onto the stack. The 
eleven bit inmediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PC are loaded from PCLATH. 
CALL is a two cycle instruction. 


1 
2 


HERE CALL THERE 


Before Instruction 
PC = 
HERE 

After Instruction 
PC = 
THERE 
TOS = 
HERE +1 


Address 


Address 


Address 


BELT PECE 


CLRF 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


CLRW 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Clear f 
[label] CLRF f 
0<f<127 


00h —> f 
1{oZ 


Z 
0001 | 1fff | £EfE 


The contents of register 'f' are cleared 
and the Z bit is set. 


1 


1 
CLRF FLAG _REG 
Before Instruction 
FLAG_REG = OxS5A 
After Instruction 
FLAG_REG = 0x00 
Z = 1 
Clear W Register 
[ label]. CLRW 
None 
00h > (W) 
1>~Z 
Z 


W registered is cleared. Zero bit (Z) is 
set. 


1 
q 
CLRW 
Before Instruction 
W = Ox5A 
After Instruction 


W = Ox00 
2 = 1 
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CLRWDT 
Syntax: 
Operands: 
Operation: - 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 


Example 


COMF 
Syntax: _ 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: | 


Cycles: 
Example 


Clear Watchdog Timer 
[ label] CLRWDT 
None 

00h — WDT 

0 — WDT pigeealeh, 


1 TO 
1 PD 


TO, PD 


| 00 | 0000 | 0110 | 0100 


~ CLRWDT instruction resets the watch- 


dog timer. It also resets the prescaler 
of the WDT. Status bits TO and PD are 
set. 


1 

1 

' CLRWDT 

Before Instruction 
WDT counter = ? 

After Instruction 
WDT counter = 0x00 
WDT prescale = 0 
TO =. 4 
PD = 1 


Complement f 
[ label] COMF fd 


O<f<127 
de [0,1] 


_(f) > Gest) 


Z 


| 00 | 1002 affe | fffE 


The contents of register ‘f' are comple- 
mented. If ‘d' is 0 the result is stored in 
W. If ‘d'is 1 the result is Stored back in 
register ‘f'. 


1 
a | 
COMF REG1,0 
Before Instruction 
REG1 = 0x13 
- After Instruction 
REG1 = 0x13 
WwW =  QOxEC 


DECF 
Syntax: 
Operands: 


Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 


Cycles: 
Example 


DECFSZ 
Syntax: 
Operands: 


Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example 


Decrement f 





[ label] DECF f,d 


O<f<127 
de [0,1] 


(f)-1 (dest) 





afft fftt 


Decrement register ‘f’. If 'd' is 0 the 
result is stored in the W register. If ‘d’ 
: 1 the result is stored back in register 


a | 
1 
DECF CNT, 1 


Before Instruction 


CNT 7 0x01 

Zz = 0 
After instruction 

CNT = 0x00 

Z = 1 


Decrement f, skip if 0 
[ label} DECFSZ f,d 


0<f<127 
de [0,1] 


(f)- 14d; 
None 


| 00 | 1011 | afte | f£EEE 


The contents of register 'f' are decre- 
mented. If 'd’ is 0 the result is placed in. 
the W register. If 'd' is 1 the resultis — - 
placed back in register 'f'. If the resultis. 
O, the next instruction, which is already 
fetched, is discarded. A NOP is executed 
instead making it a two cycle instruction. 


4 


skip if result=O' 


1(2) 

HERE DECFSZ CNP; 2 
GOTO LOOP in * 

CONTINUE « 


Before Instruction 


PC = address HERE 
After Instruction 

CNT = CNT-1 

if CNT = OQ, 

PC = address CON- 
TINUE 

if CNT # OQ, 

PC = address 
HERE+1 
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Status Affected: 
Encoding: 
Description: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Unconditional Branch 
[label] GOTO k 
0<k<2047 


k — PC<10:0> 
(PCLATH<4:3>) — PC<12:11> 


None 


kkk | kkkk | kkkk 


GOTO Is an unconditional branch. The 
eleven bit immediate value is loaded 
into PC bits <10:0>. The upper bits of 
PC are loaded from PCLATH<4:3>. 
GOTO is a two cycle instruction. 


1 
2 
GOTO THERE 


After Instruction 


PC = #£=Address THERE 


Increment f 
[ label] INCF f,d 


O0<f<127 
de [0,1] 


(f) + 1 — (dest) 
Z 


| 00 | 1010 affe | £ffE 


The contents of register 'f' are incre- 
mented. If 'd' is 0 the result is placed 
in the W register. If ‘d' is 1 the result is 
placed back in register ‘f’. 


1 
1 
INCF CNT, 1 


Before Instruction 


CNT =  OxFF 

Zz = QO 
After Instruction 

CNT = 0x00 

Zz = = 6 


INCFSZ 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


lIORLW 

Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Increment f, skip if 0 
[label] INCFSZ f,d 


O<f<127 
de [0,1] 


(f) + 1 — (dest), skip if result = 0 
None 


| 00 | 1421 affe | fffF 


The contents of register ‘f' are incre- 
mented. If 'd' is 0 the result is placed 
in the W register. If ‘d’ is 1 the result is 
laced back in register ‘f’. 
f the result is 0, the next instruction, 
which is already fetched, is decre- 
mented. A NOP is executed instead 
making it a two cycle instruction. 


1 


1(2) 
HERE INCFSZ CNT, 1 
GOTO LOOP 
CONTINUE + 


e 


Before Instruction 


PC = address HERE 
After Instruction 

CNT = CNT+1 

if C(NT= 0, 

PC = address CON- 
TINUE 

if CNT# 0, 

PC = address HERE 
+1 


inclusive OR Literal with W 
[label] IORLW k 
O<k<255 

(W) .OR. (k) — (W) 

Z 


1000 | kkkk | kkkk 


The contents of the W register are 
OR’ed with the eight bit literal 'k'. The 
result is placed in the W register. 


1 
{ 
ITORLW 0x35 


Before Instruction 


W = Ox9A 
After Instruction 
W = OxBF 
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Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


MOVLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


inclusive OR W with f 
[label] IORWF f,d 
O0<t<127 
de [0,1] 


(W) .OR. (f) > (W) 


Z 
00 6| 0100 | afff | fffFf 


Inclusive OR the W register with regis- 
ter 'f'. If ‘d' is O the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register ‘f’. 
i 
1 

TORWF RESULT, 0 


Before Instruction 


RESULT = 0x13 
W = 0x91 
After Instruction 

RESULT = 0x13 

WwW = 0x93 

Move Literal to W 
[label] MOVLW k 
O<k< 255 
k — (W) 
None 


The eight bit literal 'k’ is loaded into W 
register.. The don’t cares will assem- _ 
ble as 0's. . 


1 
4 
MOVLW OxSA 


After Instruction 


W =  Ox5A 


MOVF 
Syntax: © 
Operands: 


Operation: 
tatus Affected: 

Encoding: 

Description: 


Words: 
Cycles: 
Example 


MOVWF 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Move f 

[label] MOVF fd _ 
O<f<127 

de [0,1] 

(f) + (dest) 

Z 


| 00 | 1000 afre | fff 


The contents of register f is moved to | 
destination d. If d=0, destination is W 
register. If d=1, the destination is file 


_ register f itself. d=1 is useful to test a 


file register since status flag Z is 
affected. 


, 
, 

MOVF FSR, 0 
After Instruction 


W = __ value in FSR reg- 
ister 

Move W tof 

[label] MOVWF f 

0<f<127 

(W) > (f) 

None 


Soo |] oooo | atte | £fee 


Move data from W register to register 
tf: ; ara 


1 
1 
MOVWF OPTION 

Before Instruction . 
OPTION = OxFF 
WwW =  Ox4F. 

After Instruction 
OPTION = Ox4F 
W =  Ox4F 
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NOP 

Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 
Words: 


Cycles: 
Example 


No Operation 

[ label] NOP 

None 

No operation 

None 

[00 [2000 [oxo | 0000 
No operation. 

1 

1 


NOP 








RETFIE 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


RETLW 

Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


' TABLE aApDpWF PC 


Return from Interrupt 
[/abel] RETFIE 
None 


TOS — PC, 
1 > GIE; 


None 


} 00 0000 | 0000 | 1001 


Return from Interrupt. Stack is popped 
and Top of Stack (TOS) is loaded in 
the PC. Interrupts are enabled by set- 
ting the Global Interrupt Enable (GIE) 
bit. GIE is the global interrupt enable 
bit (INTCON<7>). This is a two cycle 
instruction. 


1 
2 
RETFIE 


After Interrupt 
. PC 
GIE 


Hou 
—_ 


Return Literal to W 
[ label] RETLW k 
O0<k<255 

k + W; TOS => PC; 
None 


The W register is loaded with the eight 
bit literal 'k'. The program counter is 
loaded from the top of the stack (the 
return address). This is a two cycle 
instruction. 


1 


2 


CALL TABLE ;W contains table 
yoffset value 
° ;W now has table value 


;W = offset 


RETLW kl ;Begin table 


RETLW k2 


RETLW kn ; End of table 
Before Instruction 


W = 0x07 
After Instruction 
W = __ value of k7 
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RETURN 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


RLF 
Syntax: 
Operands: | 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Return from Subroutine 
[label] RETURN 

None 

TOS. PC; 

None 


00 0000 | 0000 | 1000 


Return from subroutine. The stack is 
popped and the top of the stack (TOS) © 
is loaded into the program counter. 
This is a two cycle instruction. 


1 
2 
RETURN 


After Interrupt 
PC = TOS 


Rotate Left f through Carry 
[label] RLF fd 


O0<f<127 
de [0,1] 


See description below 
Cc 


foo} 1102 agfe | £££ 


The contents of register ‘f' are 
rotated one bit to the left through 
the Carry Flag. If 'd' is 0 the result 
is placed in the W register. If 'd' is 
1 7 result is stored back in regis- 
ter 'f’. 


1 
1 
RLF REG1,0 

Before Instruction 
REG1 = 11100110 
Cc oo 0 

After instruction 
REG1 = 11100110 
WwW = 11001100 
C = 1 





RRF Rotate Right f through Carry 

Syntax: [label] RRF .f,d 

Operands: O0<f<127 
de [0,1] 

Operation: See description below 

Status Affected: C 

Description: The contents of register ‘f are rotated 
one bit to the right through the Carry 

Flag. If ‘d' is O the result is placed in the 

W register. If 'd'is 1 the result is placed 

back in register fT. 

Words: 1 
Cycles: 1 
Example RRF REG1,0 
Before Instruction 
REG1 = _ 11100110 
Cc = 0 
After Instruction 
- REGI = 11100110 
WwW = 01110011 
Cc =, A 
SLEEP 
Syntax: [label] SLEEP 
Operands: None 
Operation: 00h — WDT, 
0 — WDT prescaler 
1—> TO, 
0— PD 
Status Affected: TO, PD | 
Description: The power down status bit (PD) 
is cleared. Time-out status bit 
(TO) is set. Watchdog Timer and 
its prescaler are cleared. 

The processor is put into SLEEP 
mode with the oscillator 
stopped. See Section 9.8 for 
more details. 

Words: - 1 
Cycles: 1 
Example: SLEEP 


Re NR ae REE EET TSE ES ET SLICED TE TE NSE LAE TP IETS EI TO AB ILS SO ET IE OS EGE FESR TRE TG EE TE BE LE ES TEE ELE ITT OTT I SEE TET NEE NITES TE ISSO EEE LTE SEEDY STE TEE EOE EEE ET TEE SE ITALY 
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SUBLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 1: 


Example 2: 


Example 3: 


Subtract W from Literal 
[label] SUBLW k 
O<k<255 

k - (W) — (W) 

C, DC, Z 

The W register is subtracted (2’s 
complement method) from the 


eight bit literal 'k'. The result is 
placed in the W register. 


1 
1 
SUBL 0x02 
W 
Before Instruction 
W = 1 
C <2 
After Instruction 
W = 1 
C = —  1;result is 
positive 
Before Instruction 
W = 2 
C = ? 
After Instruction 
W = 0 
C = 1; result is 
zero 
Before Instruction 
W = 3 
C = ? 
After Instruction 
W = FF 
C = _ 0;result is 
negative 


SUBWF 


Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 1: 


Example 2: 


Example 3: 


Subtract W from f 
[label] SUBWF f,d- 
O<f<127 

de [0,1] 

f - (W) > (dest) 

C, DC, Z 


[00 | woi0 | amr [at 


Subtract (2’s complement meth- 
odize W register from register 'f. 
If ‘d' is O the result is stored in 
the W register. If 'd' is 1 the 
result is stored back in register 
'f'. 


1 
1 
SUBW_ REGI,1 
F 
Before Instruction 
REG1 = 3 
W = 2 
C = ? 
After Instruction 
REG1 = 1 
W = 2 
C = 1; result is 
positive 
Before Instruction 
REG1 = 2 
W = 2 
C = ? 
After Instruction 
REG1 = 0 
W = 2 
C = 1; resultis 
zero 
Before Instruction 
REG1 = 1 
W = 2 
C = ? 
After Instruction 
REG1 = FF 
W = 2 
Cc = 0; resultis 
negative 


LAL eA AS ET ES EIS TE SSCP SSP RDI EC ELAS EE TE TOLD SESS OSE AS RIE SI SETAE A SLES NSE NERS LS SOA EAE IA I I III STE ISITE OEE PETE IES SLADE BIBS EA A OE SE ITER ELITE TESTE DEC TTT DRE TEE SE ITT LEAL 
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SWAPF 
Syntax: 
Operands: 


Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 


Cycles: 
Example 





Swap f 
[label] SWAPF f,d 


O0<f<127 

de [0,1] 

<0:3> — d<4:7>, 
f<4:7> > d<0:3> 


None 


CeCe 


The upper and lower nibbles of 
register ‘f' are exchanged. If ‘d' is 


_ Othe result is placed in W regis- 


ter. If 'd' is 1 the result is placed in 
register 'f’. 
1 
4 
SWAPF REG, 0 


Before Instruction 


REG1 = OxA5 
After Instruction 

REG1 =  OQxA5 

W = OQx5A 


Exclusive OR Literal with W 





XORLW 
Syntax: [label] XORLW k 
Operands: 0<k<255 
Operation: (W) .XOR. k > (W) 
Status Affected: Z . 
Encoding: 11 1010 | kkk | kkkk 
Description: The contents of the W register 
are XOR’ed with the eight bit lit- 
eral 'k'. The result is placed in 
the W register. 
Words: 1 
Cycles: 1 
Example: XORL = OxAF 
WwW 
Before Instruction 
W = OxB5 
After Instruction 
W = OxiA 
XORWF Exclusive OR W with f 
Syntax: [ label] XORWF fd 
Operands: O<f<127 
de [0,1] 
Operation: (W) .XOR. (f) — (dest) 
Status Affected: Z 
Description: Exclusive OR the contents of the 
W register with register ‘f’. If 'd' is 
0 the result is stored in the W reg- 
ister. If 'd' is 1 the result is stored 
back in register '‘f’. 
Words: 1 
Cycles: 1 
Example XORW REG 1 
F 
Before Instruction 
REG =  OxAF 
W =  OxB5 
After Instruction 
REG = Ox1A 
W =  OxB5 
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11.0 DEVELOPMENT SUPPORT 
11.1 Development Tools 


The PIC16/17 microcontrollers are supported with a full 
range of hardware and software development tools: 


e PICMASTER® Real-Time In-Circuit Emulator 

e PRO MATE™ Universal Programmer 

e PICSTART® Low-Cost Prototype Programmer 

e PICDEM-1 Low-Cost Demonstration Board 

« PICDEM-2 Low-Cost Demonstration Board 

e MPASM Assembler 

e MPSIM Software Simulator 

¢ C Compiler (MP-C) 

e Fuzzy logic development system 
(fuzzyTECH®—MP) 


11.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator provides 
the product development engineer with a complete 
microcontroller design tool set for all microcontrollers in 
the PIC16C5X, PIC16CXX and PIC17CXX families. A 
PICMASTER System configuration is shown in 
Figure 11-1. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 386 and better machines. The development 
software runs in the Microsoft Windows™ 3.x environ- 
ment, allowing the operator access to a wide range of 
supporting software and accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen- 
erally found on more expensive development tools. The 
AT platform and Windows 3.x environment was chosen 
to best make these features available to you, the end 
user. 


The PICMASTER Universal Emulator System consists 
primarily of four major components: 


e Host-Interface Card 

e¢ Emulator Contro! Pod 

e Target-Specific Emulator Probe 

e PC Host Emulation Control Software 


The Windows 3.1 operating system allows the devel- 
oper to take full advantage of the many powerful fea- 
tures and functions of the PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


PC-Host emulation control software takes full advan- 
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.x, two or more PICMASTER emula- 
tors can be run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and 
a PIC17CXX processor). 


The PICMASTER probes currently meet the specifica- 
tions shown in Table 11-1. 


FIGURE 11-1: PICMASTER SYSTEM CONFIGURATION 





oO 
Windows 3.x | © 
© 


Common Interface Card 
PC Compatible Computer 


In-Line 
Power Supply | 
(Optional) 


90 - 250VAC 


‘] Power Switch 


interchangeable 
| Power Connector . Emulator Probe 
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TABLE 11-1: PICMASTER PROBE SPECIFICATION 


PROBE 


PICMASTER Probe | _ Devices Supported Maximum Operating 
| Frequency Voltage 





PROBE-16D _| PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 20 MHz 4.5V -5.5V 
PIC16C56, PIC16C57, PIC1GCR57A, PIC16C58A and 
PIC16CR58A 
PROBE-16E__[PIC16C64_ 
PROBE-16F —_| PIC16C65*, PIC16C73 and PIC16C74__ 
PROBE-16G__| PIC16C61__ | 
PROBE-16H _| PIC16C620, PIC16C621 and PIC16C622 
PROBE-17A__| PIC17C42_ 


*PROBE-16F indirectly supports the PIC16C65_ 
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11.3. PRO MATE™: Universal Programmer 


The PRO MATE Universal Programmer is a full-fea- 
tured programmer capable of operating in stand-alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable VbD and VPP sup- 
plies which allows it to verify programmed memory at 
VDD min and VDD max for maximum reliability. It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand- 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect bits in this 
mode. 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. PC-based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. Full screen display and editing of data, 
easy selection of fuse configuration and part type, easy 
selection of VDD min, VDD max and VPP levels, load and 
store to and from disk files (Inte hex format) are some 
of the features of the software. Essential commands 
such as read, verify, program, and blank check can be 
issued from the screen. Additionally, serial program- 
ming support is possible where each part is pro- 
grammed with a different serial number, sequential or 
random. 


The PRO MATE has a modular “programming socket 
module”. Different socket modules are required for dif- 
ferent processor types and/or package types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


11.4 PICSTART Low-Cost Development 
System 


The PICSTART programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS232) ports. A PC-based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. PICSTART is not recommended for pro- 
duction programming. 


11.5 PICDEM-1 Low-Cost PIC16/17 


Demonstration Board 


The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip’s microcontrol- 
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58), PIC16C62X, PIC16C71, 
PIC16C84 and PIC17C42. All necessary hardware and 
software is included to run basic demo programs. The 
users can program the sample microcontrollers pro- 
vided with the PICDEM-1 board, on a PRO MATE or 
PICSTART-16B programmer, and easily test firmware. 
The user can also connect the PICDEM-1 board to the 
PICMASTER emulator and download the firmware to 
the emulator for testing. Additional prototype area is 
available for the user to build some additional hardware 
and connect it to the microcontroller socket(s). Some of 
the features include an RS-232 interface, a potentiom- 
eter for simulated analog input, push-button switches 
and eight LEDs connected to PORTB. 


11.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 


The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard- 
ware and software is included to run the basic demon- 
stration programs. The user can program the sample 
microcontrollers provided with the PICDEM-2 board, on 
a PRO MATE programmer or PICSTART-16C, and eas- 
ily test firmware. The PICMASTER emulator may also 
be used with the PICDEM-2 board to test firmware. 
Additional prototype area has been provided to the user 
for adding additional hardware and connecting it to the 
microcontroller socket(s). Some of the features include 
a RS-232 interface, push-button switches, a potentiom- 
eter for simulated analog input, a Serial EEPROM to 
demonstrate usage of the I°C bus and separate head- 
ers for connection to an LCD module and a keypad. 
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11.7 Assembler (MPASM) 


The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ- 
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami- 
lies. 


MPASM offers full featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. | 7 


MPASM allows full. symbolic debugging from the 
Microchip Universal Emulator System (PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications: 


¢ Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 
Macro Assembly Capability _ 

Produces Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. . . 

Supports Hex (default), Decimal and Octal source, 
and listing formats. | 


MPASM provides a full feature directive language 
represented by four basic classes of directives: 


Data Directives are those that control the alloca- 
tion of memory and provide a way to refer to data 
items symbolically, by meaningful names. 
¢ Listing Directives control the MPASM listing 
display. They allow the specification of titles and 
- sub-titles, page ejects and other listing control. 
¢ Control Directives permit sections of condition- 
ally assembled code. | 
e Macro Directives control the execution and data 
allocation within macro body definitions. 


11.8 Software Simulator (MPSIM) 


The MPSIM Software Simulator allows code develop- 
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 
examine or modify any of the data areas or provide 


TABLE 11-2: DEVELOPMENT SYSTEM PACKAGES 
a 
1. PICMASTER In-Circuit Emulator with PRO MATE Programmer, Assembler, _| 











| Software Simulator, Samples, and your choice of Target Probe, . 


2. | PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 
3. | PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted 


programmer, Assembler, Simulator 


external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a 
trace mode. MPSIM fully supports symbolic debugging 


-using MP-C and MPASM. The Software Simulator 


offers the low cost flexibility to develop and debug code 


outside of the laboratory environment making it an 


excellent multi-project software development tool. 


11 -9 © Compiler (MP-C) 


The MP-C Code Development System is a complete 'C' 


compiler and integrated development environment for 


Microchip’s PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 


PICMASTER Universal Emulator memory display 


(emulator software versions 1.13 and later). 


The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can- 
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 


11.10 Fuzzy Logic Development System 
(fuzzyTECH®-MP) 


fuzzyTECH-MP fuzzy logic development tool is avail- 
able in two versions: a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design, and a 
full-featured fuzzyTECH-MP Edition for implementing 
more complex systems. 


Both versions include Microchip’s fuzzyv_AB™ demon- 
stration board for hands-on experience with fuzzy logic 
systems implementation. 


11.11. Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 11-2. 
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12.0 
ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings tf 


Ambient temperature Under Dias... ccc ecccccsscccscesscsssecceccscceesessecessescesseeseseeeccseseeseceseeeeceeeeceseneuceeseeeees -40 to+ 125°C 
STQl ACO WOT AT C racccssccsacsac Sas eres na caer severance ashore neat ania ep cacek aso ee Ge eel reas -65°C to +150°C 
Voltage on any pin with respect to Vss (except VDD and MCLER) ou.....cccecceecscecsecssescssesseresseseeneees -0.6V to VoD +0.6V 
Vollage On VOD WI FESPECEIO VSS \ s.ccivchcseteedercaticeens iotscaadacaenbatessassaesanovexsueiegraeatandeaecbeuatred Ses medcecsanencyeteed 0to+7.5V 
Voltage on MCLR with respect to VSS (Note 2) ooo. ccecccccsccsscscecssccscessesseceecsucsescessesusesseseessssesecsseneeesuaceneeeesens 0to+14V 
Total powet Dissipation: (INGOT) sss sceccasey x cinceetaueearion eaaen eceivacdveoswadenias tach ei apa ieee ead eee 1.0W 
Maximuny CurentOutork VSS Duns c ica nc ects eta ase caice ic canle ete phatase ge cwnd ae eawdus vasu scan soacea euea tuaseseeryianees: 300mA 
Maxemun CUMOntintO: VOD DIN: sisisscieuswcsacArssedyests cicusaciensupawareeuvsasdaciennee cared stuntessweuouneagedenmawessauJadesenaluavceedenpaidaneadebeuts 250mA 
Input clamp current: MK: CVI<O:OF Vie: VDD) sceuiccs: cots ccs cas vcsdsecevdaccuedcevennsedhicadacdecsiealacdusteacdadsens toeeelatesuetevesieeecaniGesase waters tenes 420MA 
Output clamp current, OK (VO <O OF VO>VDD) uuu... ceccccccsceveccsssccsssesscssscseecssccssscsssscsecsesccesssensceeccesssesseecesseseeecaeeceeeceees +20mA 
Maximum Output Current sunk by any I/O pin)... cesseseeececeececeeceescaseeseceeeceseecseaueaeeeeeseeeeseeceesseeeeeceaenaaeseeeees 25mA 
Maximum Output Current sourced by any I/O pin... cscecccscececceceeceaseseeeeeceeceseecsseaeaseseeeeeaeseeaeaaaeseeceusaaaeesesess 25mA 
Maximum Current sunk by PORTA and PORTS ..............ccccccceecescsenesscsccseeceesscueeessesceeeecescesueaaeeecseesceseueaaeseeereeseenens 200mA 
Maximum Current sourced by PORTA and PORTB...............ccccccsseeceeceessneeeeeeceeeeeseueeeeeeseneaaaeeeceseneaeaaaeeeeeeeseseeeenaaes 200mA 


Note 1: Power dissipation is calculated as follows: Pdis = VoD x {IDD - & IOH} + & {(VDD-VOH) x IOH} + &(Vol x IOL) 






e 
TABLE 12-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


| Osc _ PIC16C62X-04 PIC16C62X-20 PIC16LC62X-04 


Vpp: 4.0V to 6.0V OV 
IDD: 3.3mMA Max. at 5.5V 
IPD: 20LA Max. at 4V WDT dis 
LP 
IPD: 91A Max. at 3.0V WDT dis 
Freq: 200KHz Max. 


Freq: 4MHz Max. 
Vop: 4.0V to 6.0V 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 

tions. It is recommended that the user select the device type that guarantees the specifications required. 




























IDD: 3.3MA Max. at 5.5V 
IPD: 200A Max. at 4V WDT dis 
















Vop: 4.5V to 5.5V 


IDD: 20MA Max. at eases Do not use in HS mode 


















Freq: 2OMHz Max. 








VDD: 3.0V to 6.0V 
IDD: 32uA Max. at 32 KHz, 3.0V 






Do not use in LP mode 
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12.1 DC CHARACTERISTICS: PIC16C62X-04 (Commercial, Industrial) 
PIC16C62X-20 (Commercial, Industrial) 


Standard Operating Conditions (unless otherwise stated) 
DC CHARACTERISTICS Operating temperature -40°C <TAS+85°C for industrialand. 


0°C < TA < +70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V 


- Characteristic Sym. | Min. | Typ.t | Max} Units Conditions 





Supply Voltage -| VDD 
RAM Data Retention VDR 
Voltage (Note 1) 

VbD start voltage to VPOR 
guarantee Power-On Reset 


VDD rise rate to guarantee SVDD V/ms | See section on power-on reset for details 
Power-On Reset 


Brown-out Detect Voltage BVDpD V__|BODEN configuration fuse is erased 


Supply Current (Note 2) XT and RC osc configuration 
Fosc = 4 MHz, VpD = 5.5V, WDT disabled 
(Note 4) 

LP osc configuration, PIC16C62X-04 only 
Fosc = 32 KHz, VoD = 4.0V, WDT disabled 


































HS osc configuration 
Fosc = 20 MHz, VppD = 5.5V, WDT disabled 

















WDT Current (Note 5) 

















AIWDT Vpp=4.0V 
Brown-out Detect Current | Alsop BOD enabled, Vop = 5.0V 
(Note 5) | 7 | 
Comparator Current for AlcOmMP VDD = 4.0V 
each Comparator (Note 5) 
VREF Current (Note 5) AIVREF VDD = 4.0V 













VpD=4.0V, WDT disabled 


Vpbp=4.0V 
BOD enabled, Vpp = 5.0V 


Power Down Current (Note 3) 


WDT Current (Note 5) 
Brown-out Detect Current 
(Note 5) | 
Comparator Current for 
each Comparator (Note 5) 
VREF Current (Note 5) 


These parameters are characterized but not tested. - : 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 

and are not tested. 

Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. | 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption. . 
The test conditions for all IDD measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all /O pins tri-stated™, pulled to VoD 

_ MCLR = Vop; WDT enabled/disabled as specified. 

Note 3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vbp and Vss. 
Note 4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti- 

mated by the formula Ir = VDD/2Rext (mA) with Rext in kOhm. 
Note 5: The A current is the additional current consumed when this peripheral is enabled. This current should be 
added to the base IDD measurement. 





















VDD = 4.0V 






Vbb = 4.0V 
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12.2 DC CHARACTERISTICS: PIC16LC62X-04 (Commercial, Industrial) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 85°C for industrial and 

o’Cc < TA < +70°C for commercial 
Operating voltage VDD = 3.0V to 6.0V 


|____ Characteristic _|_Sym__| Min |Typt|Max|Units| Conditions 


VDR 


RAM Data Retention 
Voltage (Note 1) 


VoD start voltage to VPOR - V | See section on power-on reset for details 
guarantee Power-On Reset 


VDD rise rate to guarantee SVDD 0.05* V/ms | See section on power-on reset for details 
Power-On Reset 


Brown-out Detect Voltage 3.8 BODEN configuration fuse is erased 


DC CHARACTERISTICS 























XT, RC and LP osc configuration 


Device in SLEEP mode 


— 
on 

































Supply Current (Note 2) mA | XT and RC osc configuration 
Fosc = 2 MHz, VDD = 3.0V, WDT disabled 
(Note 4) 
uA | LP osc configuration 
Fosc = 32 KHz, VDD = 3.0V, WDT disabled 
WDT Current (Note 5) uA | VDD=3.0V 
Brown-out Detect Current uA |BOD enabled, Vpp = 5.0V 
(Note 5) 
Comparator Current for uA | VDD =3.0V 
each Comparator (Note 5) 
VREF Current (Note 5) wA | VDD =3.0V 






Power Down Current (Note 3) VpbD=3.0V, WDT disabled 













WDT Current (Note 5) 15 VpbD=3.0V 
Brown-out Detect Current 375 BOD enabled, Vop = 5.0V 
(Note 5) 


Comparator Current for 100 VDD = 3.0V 
each Comparator (Note 5) 


VREF Current (Note 5) 300 VDD = 3.0V 


” These parameters are characterized but not tested. 
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, internal code execution pattern, and temperature also have an 
impact on the current consumption. 

The test conditions for all IDD measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to VDD, 
MCLR = Vop; WDT enabled/disabled as specified. 

Note 3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VoD and Vss. 

Note 4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti- 
mated by the formula Ir = VoD/2Rext (mA) with Rext in kOhm. 

Note 5: The A current is the additional current consumed when this peripheral is enabled. This current should be 
added to the base IDD measurement. 
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12.3 DCCHARACTERISTICS: —= PIC16C62X (Commercial, Industrial) 
Standard Operating Conditions (uniess otherwise stated) 

| | 7 Operaling pemnperalute -40°C <TA<+ 85°C for industrial and 

DC CHARACTERISTICS a — Orc < TA < +70°C for commercial 
Operating voltage VoD rene as described in DC spec Table 12-1 and 
Table 12-4 


cara RN fie Rel ks H.zel ics Nico 


Input Low Voltage 
/O ports 






















MCLR, RA4/TOCKI,OSC1 (in RC 
mode) 

OSC1 (in XT, HS and LP) 
Input High Voltage 
I/O ports 





MCLR RA4/TOCKI 
OSC1 (XT, HS and LP) 





Input leakage Current (Notes 2, 3) - 
I/O ports (Except RA) 
RA 
RA4/TOCKI 
Osc1, MCLR 






Output Low Voltage 
/O ports 












loL = 8.5mA, VoD=4.5V, -40°C to +85°C 
loL = 7.0mA, VoD=4.5V, -40°C to +85°C 
loL = 1.6mA, VpD=4.5V, -40°C to +85°C 
loL = 1.2mA, VoD=4.5V, -40°C to +85°C 





OSC2/CLKOUT 

(RC osc configuration) 
Output High Voltage 
/O ports (Except RA4) (Note 3) 





IOH = -3.0mA, VoD=4.5V, -40°C to +85°C 
| IOH = -2.5mA, VoD=4.5V, -40°C to +85°C 
OSC2/CLKOUT IOH = -1.8mA, VoD=4.5V, -40°C to +85°C 
(RC osc configuration) IOH = a. .OmA, VodD=4.5V, -40°C to +85°C 


Spentrn igh ota yes fev ian 


Capacitive Loading Specs on | 

Output Pins | | a 

OSC2 pin Cosce2 pF |In XT, HS and LP modes when external 
clock is used to drive OSC1. 

All /0 pins and OSC2 (in RC mode) | Cio pF 


Tt Data in “Typ” column is at 5V, 25°C unless otherwise aaa These parameters are for design guidance only 
and are not tested. 
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the 
_ PIC16C62X be driven with external clock in RC mode. 
Note 2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
_ represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Note 3: Negative current is defined as coming out of the pin. 
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TABLE 12-2: COMPARATOR SPECIFICATIONS 


Operating Conditions: 3.0V < VDD <6.0V, -40°C < Ta < 85°C, unless otherwise stated. Current consumption is specified 
in Table 12-1. 


Characteristics Typ Max | Units | Comments | 


CMRR 
Response Time t 


Comparator Mode Change to Out- 
put Valid 


* These parameters are characterized but not tested. 
t Response time measured with one comparator input at (VDD -— 1.5)/2 while other transitions from VSS to VDD. 


TABLE 12-3: VOLTAGE REFERENCE SPECIFICATIONS 


Operating Conditions: 3.0V < VDD < 6.0V, -40°C < TA < 85°C, unless otherwise stated. Current consumption is specified 
in Table 12-1. 


Q. 
Us 





oe 


T Settling time measured while VAR=1 and VR<3:0> transitions from 0000 to 1111. 


* These parameters are characterized but not tested. 
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12.4 Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 


1. TppS2ppS 
2. TppS 


Lowercase subscripts \ and their meanings: 
/ 





. CLKOUT 


I/O port 
MCLR. 


Fall Period 


High | Rise 
Invalid (Hi-impedence) Valid 
Ow High Impedence 
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12.5 Timing Diagrams and Specifications 
FIGURE 12-1: EXTERNAL CLOCK TIMING 


Q3 Q4 


a ee eS 4 ee 4 


i] 
1 
fe se 


CLKOUT -_ \ 


TABLE 12-4: EXTERNAL CLOCKTIMING REQUIREMENTS 





T Fos | External CLKINFrequency Frequency T MHz | XT and RC osc mode, Vop=5V 
(Note 1) HS ose mode 
LP osc mode 
Oscillator Frequency RC osc mode, Vpp=5V 
(Note 1) XT osc mode 
HS osc mode 
LP osc mode 
External CLKIN Period XT and RC osc mode 
(Note 1) HS osc mode 
LP osc mode 


Oscillator Period RC osc mode 
(Note 1) XT osc mode 
HS osc mode 
LP osc mode 


XT oscillator 
LP oscillator 
HS oscillator 
XT oscillator 
LP oscillator 
HS oscillator 
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are 
based on characterization data for that particular oscillator type under standard operating conditions with the 
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/or 
higher than expected current consumption. All devices are tested to operate at "min." values with an external 
clock applied to the OSC1 pin. 

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 12-2: CLKOUT AND I/OTIMING 


CLKOUT | 


22 TTT TTA 


—<t— 17 —> 


VO Pin 


(output) old value 1X} new value 





> 20, 21 





Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on VO pins and CLKOUT 


TABLE 12-5: CLKOUT AND /O TIMING REQUIREMENTS 


Parameter Sym 
No. 


ni 


TckL2ioV | CLKOUT J to Port out valid 


TioV2ckH | Port in valid before CLKOUT T 


TckHZ2iol Port in hold after CLKOUT T 


TosH2ioV | OSC1T (Q1 cycle) to Port out valid 
TosSH2iol OSC1T (Q2 cycle) to Port input invalid 
. (I/O in hold time) 
TioV20sH | Port input valid to OSC1T (I/O in setup TBD 
time) *s 


Port output falltime = 
INT pin high or low time 


RB<7:4> change interrupt high or low 
. time : | 


These parameters are characterized but not tested. | 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. | 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 


12 
13 
14 
15 


16 
17 
19 
20 
21 
22 
23 





* 
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FIGURE 12-3: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 


Internal ee 0 a 
POR ! 


Timeout 

















OSC 


Timeout 





Internal 
RESET 







Watchdog 
Timer : 
RESET | ; 


/O Pins 


FIGURE 12-4: BROWN-OUT DETECT TIMING 





TABLE 12-6: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


TIMER REQUIREMENTS 
ee eed pow bad 
No. 
TmcL | MCLR Pulse Width (low) | 1000, = — | ns | VDD = 5V, -40°C to +85°C 
7 V 
( 


Twdt | Watchdog Timer Timeout Period 18 33° ms DD = 5V, -40°C to +85°C 
No Prescaler) 
a 


Oscillation Start-up Timer Period 1024 Tosc el s |Tosc =OSC1 period 
Power up Timer Period | 28" | 72 | 132" | ms | VDD = 5V, -40°C to +85°C 
100 


Tioz | /O high impedance from MCLR Pt ee 
low 


These parameters are characterized but not tested. 
tT Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
























3 
3 
3 
3 
3 


0 
4 
2 
3 
4 
5 


3 
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FIGURE 12-5: TIMERO CLOCK TIMING 


f | 
i 
| | | 
| | 





TABLE 12-7: TIMERO CLOCK REQUIREMENTS 


Parameter | Sym | Characteristic Typt Conditions 
No. 
40 TtOH | TOCKI High Pulse Width 0.5 Tcy + 20° Soe ine | 
With Prescaler | tor | — | —| ns | 
41 TtOL | TOCKI Low Pulse Width 0.5 Toy + 20° ia hd 
With Prescaler See es a 


TtOP | TOCKI Period ee N= aesig value 
(1, 2, 4, ..., 256) 


These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 































od e 
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13.0 DEVICE CHARACTERIZATION 
INFORMATION 


Not Available at this time. 
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NOTES: 


(aR EE PE SSE A LE ATE SSE IS ETS ES TA SE SEAS AT ECT PEI SCSI IT ASSES LASSE OE SEIS AEC ECA SES IO SE EE TET EE IE IED ES PSI OEE OE DTT ESI 
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14.0 PACKAGING INFORMATION 


For Package Dimensions please refer to the Packaging Section of the Data Book. 
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14.1 Package Marking Information 


18L PDIP | - _ Example 


x 
C) MMMMMMMMXXXXXXX 


PIC16C622 





C) -04T/P456 
xX AABB CDE NYY 9523 CBA 








18L SOIC | Example 

PIC16C622 

-041/S0218 

©9518 CDK 
SS 
18L CERDIP Example 
: MMMMMMMM PIC16C622 
EW MMMMMMMM 


Microcrr AABB CDE 9501 CBA 





20L SSOP Example 


PIC16C622 
~041/218 
9551 CBP 


Legend: MM...M Microchip part number information 
XX...X Customer specific information* 
Year code (last 2 digits of calendar year) 
Week code (week of January 1 is week ‘01’) 
Facility code of the plant at which wafer is manufactured 
C = Chandler, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled 


Note: In the event the full Microchip part number cannot be marked on one line, 
it will be carried over to the next line thus limiting the number of available 
characters for customer specific information. 





* Standard OTP marking consists of Microchip part number, year code, week 
code, facility code, mask rev#, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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APPENDIX A: 


The following are the list of enhancements over the 


PIC16C5X microcontroller family: 


1. 


oe 


10. 


11. 


12. 


13. 


14. 
15. 


16. 


17. 


18. 
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Instruction word length is increased to 14 bits. 
This allows larger page sizes both in program 
memory (4K now as opposed to 512 before) and 
register file (up to 128 bytes now versus 32 bytes 
before). 


A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAO 
bits are removed from status register. 

Data memory paging is slightly redefined. Status 
register is modified. 

Four new instructions have been added: 
RETURN, RETFIE, ADDLW, and SUBLW. 

Two instructions TRIS and OPTION are being 
phased out although they are kept for compati- 
bility with PIC16C5X. 

OPTION and TRIS registers are made address- 
able. 

Interrupt capability is added. Interrupt vector is 
at 0004h. 

Stack size is increased to 8 deep. 

Reset vector is changed to 0000h. 

Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Reg- 
isters are reset differently. 

Wake up from SLEEP through interrupt is 
added. 

Two separate timers, oscillator start-up timer 
(OST) and power-up timer (PWRT) are included 
for more reliable power-up. These timers are 
invoked selectively to avoid unnecessary delays 
on power-up and wake-up. 

PortB has weak pull-ups and interrupt on 
change feature. 

RTCC pin is also a port pin (RA4) and has a 
TRIS bit. 

FSR is made a full eight bit register. 

“In system programming” is made possible. The 
user can program PIC16CXX devices using only 
five pins: VDD, Vss, /VPP, RB6 (clock) and RB7 
(data in/out). 

PCON status register is added with a Power-on- 
Reset (POR) status bit and a Brown-out Detect 
status bit (BO). 

Code protection scheme is enhanced such that 
portions of the program memory can be pro- 
tected, while the remainder is unprotected. 

All inputs are now Schmitt trigger type. 


PIC16C62X 


APPENDIX B: COMPATIBILITY 


To convert code written for PIC16C5X to PIC16CXX, 
the user should take the following steps: 


iP 


2. 


Preliminary 


Remove any program memory page select oper- 
ations (PA2, PA1, PAO bits) for CALL, GOTO. 
Revisit any computed jump operations (write to 
PC or add to PC, etc.) to make sure page bits are 
set properly under the new scheme. 

Eliminate any data memory page switching. 
Redefine data variables to reallocate them. 
Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

Change reset vector to 0000h. 
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APPENDIX C:WHAT’S NEW APPENDIX D: WHAT’S CHANGED > 
The format of certain sections of this data sheet have 1. Table 1-1 has been upgraded. 
been changed to be consistent with other ea fam- 2. Aprescalar assignment note was added to Sec- 
ilies. These sections are: tion 4.2.2.2 Option Register. 

6.0 TimerO (TMRO) Module — 3. Figures 5-1, 5-2, 5-3 and 5-4 were modified to 


include edge symbols on the CK inputs of the 
data latches. 

4. The instruction MOVF CMCON,F was added to 
Example 7-1. 

5. Ceramic resonator tolerances were agced to 
Table 9-1. 

6. A note was added to Figure 9-7. — 

7. The MS oscillator configuration was deleted 
from Table 12-2 PC Characteristics. 

8. The VIM specification for I/O posrts, MCLR and 
RA4/TOCKI was changed from 0. 8VDD to 
0.85VDD. 

9. The CLKOUT waveform in Table 12-2 was mod- 
ified. 


11.0 Development Support 





DS30235B-page 2-292 Preliminar y © 1995 Microchip Technology Inc. 


‘ous ABojouyoe| diyoou01I-W SEE © 


[ald 


@ 


Aveuiu 


€6e-2 ebed-gsezoesa 


Jeiock] Memory J} Peripherals 





Features 


















PIC17C42 2 





5 | 2K | 232 TTMRO,TMR?1, 
led 

PIC17C43* 454 [TMRO,TMA1, 
aaa ad a ld (annie 
PIC17C44 8K | 454 TTMRO,TMA, | 2 Yes [Yes | 11 | 33 | 2.5-6.0 | 58 [40-pin DIP, 44-pin PLCC, 44-pin QFP 
ee em ep ee eee | 


* Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O 
current Capability. . 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the 
device is in SLEEP mode. This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 


fb 
EE 





L-a STEVL 


SAOIAAC SAO ATNVA XXOLLOId 


ad XIGNAddV 


SYS TION LNOOOYOIN ZL/9LOId 


X29D9LOlId 


[@id 


Lu 


Aseu 


v6c-c ebed-gsezoesa 








‘ou; ABojouyoes diyoosn1I- S661 © 





Peripherals 
















onal 


ree LOY I ed LL Fe SE LT ST 


PIC16C62* | 20 
PIC16C63* a 


nm 


aL 
.?) 
woh, 
QD 
Q 
Oo) 
oO 
8 
° 
Ss &| | ro] = s/ wl «a 


192 ITMRO, 21 SPI/2C/ 10 3.0-6.0 28-pin SDIP, 28-pin SOIC 
TMR1, TMR2 SCI 


TMRO, SPI/I?2C | Yes 3.0-6.0 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 


192 TMRO, Te Yes 33 | 3.0- 6.0 40-pin DIP, 44-pin PLCC, 44-pin QFP 
|r oe = . 


[= [2 [Yes [4 [13 | 8080 | Yes [Fe-pin DIP, Tein SOIC, 20-pin SSOP 


—_ 
N 
© 


PICTeCEET| 20 a= frre —— Ff = [= [res a [7a [300 [ves [tos On SO, aD SSOP] 
pictecea2 | 20 iS ae TEEPE es soso ws feo soe seer 
PICTeC7i [20 | at LL ceed ee 3080 | — | 
PIC16C73 nae ee i 5 aon 3.0- eee 0 = [en SDE 28-pin SOIG 
TMR1, TMR2 SCI 
PIC16C74 192 TMRO, 21SPI/l2C/| Yes | 8ch 12 | 33 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, — — 
picteces [10 | — [ik | 36_| 64 [TRO P= 4 8 [20-60 | — fie pin DIP, tepin SOIC 





Please contact your local sales office for —— of these a 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability. 
2: The PIC16CXX Timer has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 





128 TMRO, — 28-pin SDP. 28-pin SOIC 
TMR1, TMR2 | 








o-3 F1EVL 


SADIAAG SO ATINVA XXO9LOId 


XZ9D919Id 





"ouj ABojouyoe) diyooso1W S661 © 


Held 


4 


AJeulUu 


S6c-c eBed-gsezoesa 





Features 


Peripherals 
























PIC16C54A 






Bard 
ia [ass 


rao [aaa 





28-pin DIP, 28-pin SOIC, 28 pin SSOP f 
28-pin DIP, 28-pin SOIC, 28 pin SSOP 






prereorsra| 20 | — [ax] 7 | TwRo 
proreosea [20 fax |—| 7a | twRo_| v2 [asses 
provecrssa 20 | — [ax] rs | twRo [v2 [zoeas 


Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/O current 
capability. 








€-3 31EaVvLl 


SSOIAAG SAO ATINVA XSO9LDId 


Xc909LIUId 


PIC16C62X 





E.1 Pin Compatibility 


Devices that have the same package type and VoD, Vss 
and MCLR pin locations are said to be pin compatible. 
This allows these different devices to operate in the 
same socket. Compatible devices may only requires 
minor software modification to allow proper operation in 
the application socket (ex., PIC16C56 and PIC16C61 
devices). Not all devices in the same package size are 
pin compatible; for example, the PIC16C62 is compati- 
ble with the PIC16C63, but not the PIC16C55. 

Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an A/D converter, weak pull-ups on PORTB, or inter- 
rupts. —_ : 


TABLE E-4: PIN COMPATIBILE DEVICES 


Pin Compatible Devices 


PIC16C61, | 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 

PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC1I6CR58A 


PIC16C62, PIC16C63, PIC16C73 __ 
































PIC16C55, PIC16C57, PICI6CR57A _ 
PIC17C42, PIC17C43, PIC17C44. 
PIC16C64, PIC16C65, PIC16C74 
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CONNECTING TO MICROCHIP BBS 


Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In most 
cases a local call is your only expense. The Microchip 
BBS connection does not use CompuServe member- 
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


There is no charge for connecting to the BBS, 
except for a toll charge to the CompuServe access 
number, where applicable. You do not need to be a 
CompuServe member to take advantage of this con- 
nection (you never actually log in to CompuServe). 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
service allows multiple users at baud rates up to 14400 
- bps. 


The following connect procedure applies in most loca- 
tions: 


1. Set your modem to 8 bit, No parity, and One stop 
(8N1). This is not the normal CompuServe set- 
ting which is 7E1. 

2. Dial your local CompuServe access number. 

3. Depress <ENTERI> and a garbage string will 
appear because CompuServe is expecting a 
7E1 setting. 

4. Type +, depress <ENTER.I> and Host Name: 

will appear. 

Type MCHIPBBS, depress < ENTER. > and 

you will be connected to the Microchip BBS. 


2 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial 
(800) 848-4480 for 300-2400 baud or (800) 331-7166 
for 9600-14400 baud connection. After the system 
responds with Host Name:, type 


NETWORK, depress < ENTERW > 
and follow CompuServe's directions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 





Trademarks: 


-PICMASTER and PICSTART are registered 


trademarks of Microchip Technology Incorporated. 


_ PIC is a registered trademark of Microchip 


Technology Incorporated in the U.S.A. 


PRO MATE, fuzzyLAB, the Microchip logo and 
name are trademarks, and SQTP is a service mark 
of Microchip Technology Incorporated. 


ACCESS.bus is a trademark of the ACCESS.bus 
Industry Group (ABIG). 


fuzzyTECH is a registered trademark of Inform 
Software Corporation. 
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READER RESPONSE 


It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod- 
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 


Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 


To: Technical Publications Manager Total Pages Sent 
RE: Reader Response 


From: Name 


Company 

Address 

City / State / ZIP / Country 

Telephone: ( ) - FAX: ( ) - 


Application (optional): 
Would you like a reply? Y N 


Device: PIC16C620/621/622 Literature Number: DS30235B 
Questions: 


1. What are the best features of this document? 


2. How does this document meet your hardware and software development needs? 


3. Do you find the organization of this data sheet easy to follow? If not, why? 


4. What additions to the data sheet do you think would enhance the structure and subject matter: 


5. What deletions from the data sheet could be made without affecting the overall usefulness? 


6. Is there any incorrect or misleading information (what and where)? 


7. How would you improve this document? 


8. How would you improve our software, systems, and silicon products? 
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PIC16C62X Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 








PARTNO. -XX X /XX XXX 
“Ly Pattern: 3-Digit Pattern Code for QTP (blank otherwise) 


Package: P PDIP 
SO SOIC (Gull Wing, 300 mil body) 
SSOP (209 mil) 
Windowed CERDIP Examples: 
a) PIC16C62X - 04/P 301 = 
0°C to +70°C Commercial temp., PDIP pack- 
-40°C to +85°C) age, 4 MHz, normal Vbo limits, 
QTP pattern #301 
200kHz (LP osc PIC16LC62xX- 041/SO = 


Range: 04 4 MHz (XT and he ose) inae- tial tenPece Ole Pacts 
10 20 MHz (HS osc) aoe 


. . 200kHz, extended VDD limits 
Device: PIC16C62X :Vpp range 4.0V to 6.0V 
PIC16C62T :VpD range 4.0V to 6.0V (Tape and Reel) 
PIC16LC62X:Vpp range3.0V to 6.0V 
PIC16LC62XT:VbDD range3.0V to 6.0V (Tape and Reel) 


JW 


Temperature 
Range: 


Frequency 04 





Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 






1. Your local Microchip sales office. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip's Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 







For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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8-Bit CMOS Microcontrollers 





Devices included in this Data Sheet: 
* PIC16C65 
° PIC16C64 
* PIC16C61 


High-Performance RISC-like CPU 

¢ Only 35 single word instructions to learn 

¢ All single cycle instructions (200ns) except for program 
branches which are two-cycle 

DC - 20MHz clock input 

DC - 200ns instruction cycle 


Device Program Data 1/0 
Memory Memory 


¢ Operating speed: 





e Interrupt capability 
¢ Eight level deep hardware stack 
¢ Direct, indirect and relative addressing modes 


Peripheral Features of all PIC16C6X 


¢ TMRO: 8-bit timer/counter with 8-bit prescaler 
¢ High |/O current sink/source capability (25 mA/20 mA) 


Peripheral Features of the PIC16C65/64 only 

e One pin that can be configured as capture input, PWM 
output, or compare output 

¢ Capture is 16-bit, max resolution 12.5ns, compare is 
16-bit, max resolution 200ns, 10-bit PWM resolution 

¢ TMR1: 16-bit timer/counter (time-base for capture/com- 
pare). TMR1 can be incremented during sleep via exter- 
nal crystal/clock (for real-time clock) 

¢ TMR2: 8-bit timer/counter with 8-bit period register 
(time-base for PWM), prescaler and postscaler 

¢ Parallel Slave Port (PSP): 8-bit wide, with external RD, 
WR and CS controls (microprocessor bus interface) 

¢ Synchronous serial port (SSP) with SP! and 
I2C™/ACCESS.bus™ 


Peripheral Features of the PIC16C65 only 

¢ Additional pin that can be configured as capture input, 
PWM output, or compare output 

¢ Serial Communications Interface (SCI)/USART 


Special Microcontroller Features 

¢ Power-on Reset (POR) 

¢ Power-up Timer (PWRT) and Oscillator Start-up Timer 
(OST) 

¢ Watchdog Timer (WDT) with its own on-chip RC oscilla- 
tor for reliable operation 

e Programmable code-protection 

¢ Power saving SLEEP mode 

¢ Fuse selectable oscillator options 

¢ Serial in-system programming (via two pins) 


PACKAGE TYPES 
PDIP, Windowed CERDIP 
MCLR/Vep ——~ C4 40 LJ -—+ RB7 
RAO =—*L} 2 39 |] —* RB6 
RA1 «—+L] 3 38 ,.J +—e» RBS 


Cc 


RA2 +—>[] 4 

RA3 *—*L] 5 

RA4TOCK! ~~~) 6 

RAS/SS =—+[] 7 

REO/AD =>) 8 

REIWR +—> (9 
RE2CS ~—~ (10 

Vop ——» LJ 11 
Vss ——eL] 12 
OSCI/CLKIN ——>T 13 
OSC2/CLKOUT «——Q 14 
RCO/TIOSO/TICKI *—* U 15 
RC1/T1OSV/CCP2 +—+L) 16 
RC2/CCP1 «—~ Lj 17 
RC3/SCK/SCL «+—* U 18 
RDO/PSPO +— > LU] 19 22 LJ +—> RD3/PSP3 
RD1/PSP1 «—» (J 20 21 -— > RD2/PSP2 












S99919Id 
= 























PDIP, Windowed CERDIP 


MCLRVvee ——>[] 1 
RAO «> L] 2 


40 |] +—~ RB7 
39 L] +—» RABE 


RA1 +—*L) 3 38 LL] +—» RBS 
RA2 +—> LU 4 37 []+—> RB4 
RA3 +> (5 36 LI ~+-—> RBS 


RA4/TOCKI ~—»(C] 6 
RAS/SS +—> [7 
REO/AD +—> [] 8 
REIWR ~—+ C1 9 
RE2/CS +—+(] 10 

Vop ——» Lj 11 

Vss —~—» Lj 12 

OSC1/CLKIN ——*[] 13 
OSC2/CLKOUT «—— [J 14 
RCO/T1OSI/TICKI +—* CL} 15 
RC1/T10SO «—+L} 16 
RC2/CCP1 +>) 17 
RC3/SCK/SCL «—»[] 18 
RDO/PSP0 «— [J 19 
RDi/PSP1 «—» (J 20 


35 | ]~—» RB2 

34 L]<~—> RBI 

33 LJ~+—» RBOANT 
32 || «——— Vpo 

31 LJ +—- Vss 

30 LJ~—» RD7/PSP7 
29 [J ~«— RD6/PSP6 
28 LI~—> RDS/PSP5 
27 LJ ~«—» RD4/PSP4 
26 LJ~<—*» RC7 

25 L1<-—» RC6 

24 LJ=+— RC5/SDO 
23 LJ ~—» RC4/SDI/SDA 
22 L1~+—» RD3/PSP3 
21 LJ)<«—— RD2/PSP2 


p9D91DId 


PDIP, SOIC, Windowed CERDIP 


18{] <«—+ RAI 

17{] ~<—® Rao 

16[ | «@—— OSC1/CLKIN 
15| | ———t> OSC2/CLKOUT 
141 | <t——. Vpp 

131] ~<—» AB7 

12] ~—» ABs 

11[ |] ~<t— RBS 

10[ ] <> AB4 


RA2 ~<t—e [{°1 

AA3 ~t—w [| 2 
RA4/TOCK! ~<t— L]3 
MCLA/vep ———» L]}4 
Vss ——> [|5 
RBOINT ~—> L]6 
AB1 ~<t—» []7 

RB2 “+ 1 18 


L9D9LOld 


RB3 + [}9 


MOS Technology 
Low-power, high-speed CMOS EPROM technology 
Fully static design 
Wide-operating voltage range - 3.0V to 6.0V 
Commercial, Industrial, and Automotive Temp. Range 
Low-power consumption- < 2mA @ 5V, 4 MHz 

- 151A typical @ 3V, 32 KHz 

- <1,/A typical standby current 
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PACKAGE TYPES 








44 [7] «—» RCG/TX/ICK 


O 43 Hj -aAcs/spo 
42 [5] «—» RC4/SDIISDA 


41 (7) «=» RD3/PSP3 
40 [7}~=— RD2/PSP2 
39 (7) «> RD1/PSP1 


3g (~*~ RDO/PSPO 
37 Fy «> RC3/SCK/SCL 


36 (T] «—» RC2/CCP1 


RC7/RX/DT 
RD4/PSP4 
RDS/PSP5 
RD6/PSP6 
RO7/PSP7 


vss PIC16C65 


<«—» RBS 

~«—» RB2 

~«—» RBI 

«—» RBO/INT 
<«— Vpp 

j~—— Vss 

~—» RD7/PSP7 
~<—» RD6/PSP6 
<—» RD5/PSP5 
<— RD4/PSP4 
a—e RC7/RX/DT 


RA4/TOCKI <—e 
RASISS «<—> 
REO/AD ~—> 
REWWR «—e 
RE2CS «—> 

Vob 

Vss 
OSC1/CLKIN 
OSC2/CLKOUT 


RCO/T1OS! 
NC 


[]~» RCO/T1OSO/TICKI 
PJ ——» OSC2/CLKOUT 
[}=-— OSCI/CLKIN 


Vpo 

RBOANT 

RB1 

RB2 
Pj«a—e RA4TOCKI 


RELBBRBBVBB 


tddO/2OH ~-—> C6, 
OdSd/0Ody <—~ 
tdSd/t}dWd <—> 
e@dSd/eGd «—> 
€dSdedy <«— 


TWOS/AOS/OY «> Coz 


a 
s 
a 
2) 
2 
3 
2) 
Ns 


«— AC4/SDI/SDA 
NC 


«—» RCS/SDO 
e-—» RDI/PSP3 
«—» AD2/PSP2 
<—~» RD1/PSP1 
<—» RDO/PSPO | 
<t—m RC3/SCK/SCL 
«—» RC2/CCP1 
—e RCOV/TIOSO 


NC 
<—e RCO/TIOSI/TICK! 
——» OSC2/CLKOUT 
«—— OSCI/CLKIN 
<= Vss 


RC7 «<—. 
RD4/PSP4 «<> 
RDS/PSP5 <>» 
RDG6/PSP6 «—e 
RD7/PSP7 <~—e 


«—» RBS 
<—» RB2 
«<—~» FBi 
«—» RBO/ANT 


RA4/TOCKI «—» 
RAS/SS «—> 
REO/AD «—- 
REUWA «—e 


RE2CS 
Vob 
Vss 


=-— Vor 
j~—— Vss 
~«—» RD7/PSP7 


Vss ——e 
Vpp ——» 


+— Voo 
«—» RE2CS 


a—e REIWR 
«~» REOAD 
=—» RASSS 
a—» RA4/TOCK! 


RBO/INT <—> 
RB1 <> 
RB2 «<—e 
RB3 <—» 


~<—e RDG/PSP6 
<—» RD5/PSP5 
«—> RD4/PSP4 
~«—e» RC7 


OSCI/CLKIN ——> 


OSC2/CLKOUT «~~ 
RCO/TIOSI/T1CKI +—> 
NC 


SSLRSRRSSBS 
—=~=+=0O0 ONOM AGN — 


tdd0/20H =— O65} 
OdSd/0GW <-> 
tdSd/$} 0H <—> 


OSOLL/LOW ~*~ Let 
TOS/HOSKO =— > oz 
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1.0 GENERAL DESCRIPTION 


The PIC16C6X is a family of low-cost, high-perfor- 
mance, CMOS, fully-static, 8-bit microcontrollers. 


All PIC16/17 microcontrollers employ an advanced 
RISC-like architecture. The PIC16CXX has enhanced 
core features, eight-level deep stack, and multiple inter- 
nal and external interrupt sources. The separate 
instruction and data buses of the Harvard architecture 
allow a 14-bit wide instruction word with the separate 
8-bit wide data. The two stage instruction pipeline 
aliows ali instructions to execuie in a single cycie, 
except for program branches (which require two 
cycles). A total of 35 instructions (reduced instruction 
set) are available. Additionally, a large register set gives 
some of the architectural innovations used to achieve a 
very high performance. 


PIC16CXX microcontrollers typically achieve a 2:1 
code compression and a 4:1 speed improvement over 
other 8-bit microcontrollers in their class. 


The PIC16C65 device has 192 bytes of RAM and 33 
I/O pins. In addition several peripheral features are 
available including: three timer/counters, two cap- 
ture/compare/PWM modules and two serial ports. The 
synchronous serial port can be configured as either a 
3-wire Serial Peripheral Interface (SPI) or the two-wire 
Inter-Integrated Circuit (ICC) bus. The Serial Communi- 
cations Interface (SCI) can be configured as either syn- 
chronous or asynchronous (USART). An 8-bit Parallel 
Slave Port is also provided. 


The PIC16C64 device has 128 bytes of RAM and up to 
33 /O pins. In addition several peripheral features are 
available including: three timer/counters, one cap- 
ture/compare/PWM module and one serial port. The 
synchronous serial port can be configured as either a 
3-wire Serial Peripheral Interface (SPI) or the two-wire 
Inter-Integrated Circuit (I2C) bus. An 8-bit Parallel Slave 
Port is also provided. 


The PIC16C61 device has 36 bytes of RAM and up to 
13 I/O pins. In addition a timer/counter is available. 


The PIC16C6X device has special features to reduce 
external components, thus reducing cost, enhancing 
system reliability and reducing power consumption. 
There are four oscillator options, of which the single pin 
RC oscillator provides a low-cost solution, the LP oscil- 
lator minimizes power consumption, XT is a standard 
crystal, and the HS is for High Speed crystals. The 
SLEEP (power-down) mode offers power saving. The 
user can wake up the chip from SLEEP through several 
external and internal interrupts and reset. 


A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software 
lock-up. 


A UV-erasable CERDIP-packaged version is ideal for 
code development while the cost-effective One-Time 
Programmable (OTP) version is suitable for production 
in any volume. 


Table 1-1 shows the features of the PIC16C6X family. 


Table 1-2 shows information on which sections apply to 
the specific devices. 


Simplified block diagrams of the PIC16C65, PIC16C64 
and PIC16C61 are shown in Figure 3-1, Figure 3-2, 
and Figure 3-3 respectively. 


The PIC16C6X family fits perfectly in applications rang- 
ing from high speed automotive and appliance control 
to low-power remote sensors, keyboards and telecom 
processors. The EPROM technology makes customi- 
zation of application programs (transmitter codes, 
motor speeds, receiver frequencies, etc.) extremely fast 
and convenient. The small footprint packages make this 
microcontroller series perfect for all applications with 
space limitations. Low-cost, low-power, high perfor- 
mance, ease-of-use and I/O flexibility make the 
PIC16C6X very versatile even in areas where no micro- 
controller use has been considered before (e.g. timer 
functions, serial communication, capture and compare, 
PWM functions and co-processor applications). 


1.1 Family and Upward Compatibility 


Those users familiar with the PIC16C5X family of 
microcontrollers will realize that this is an enhanced 
version of the PIC16C5X architecture. Please refer to 
Appendix A for a detailed list of enhancements. Code 
written for PIC16C5X can be easily ported to 
PIC16CXX family of devices (see Appendix B). 


1.2 Development Support 


The PIC16CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
full-featured programmer. A “C” compiler and fuzzy 
logic support tools are also available. 
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Features 





Memory 








| Peripherals 
ae 








21S 
TMR1, TMR2 


i ie i el eannean 
TMRO, 2 | SPI/FC/ 10 
TMR1, TMR2 SCI 


ia 28-pin SDIP, 28-pin SOIC 


. 


DI 






18-pin DIP, 18-pin SOIC, 20-pin SSOP_ 








picrecea0"[ 20 [512[ — | 80 | — | Eee elise ee 
picecea*| 20 | 1K | — | 60 | —|rwro =P = = [2 [Yes | 4 [73 [3.060 | Yes [18-pin DIP, T8pin SOIC, 20-pin SSOP 
PIC16C622 | 20 | 2K | — | 128 |—|TMRO  |—| — | — | — | 2 | Yes] 4 | 13 | 3.0-6.0 | Yes |18-pin DIP, 18-pin SOIC, 20-pin SSOP 
piciecrt [20 [7K | — | 36 [= fino P| [aon | = [4 [98 | 3.060 | = [pin DWP, Te pin SOIC | 
PIC16C73 | 20 Pies 192 Pres Aa 5 ch Ceo eee 8-pin SDIP, 28-pin SOIC 
TMR1, TMR2 SCI 
PIC16C74 4K fae ee TMRO, Flees Yes | 8ch aie 12 | 33 aan ae 40-pin DIP, 44-pin PLCC, 44-pin QFP 
i TMR1, TMR2 SCI . ; 
pictecea [10 | — [1K | 36 | 64 frmno | [208.0 | ee pin DIP, Te pin SOIC 


* Please contact your local sales office for availability of these devices. 
Note1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability. . 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. This allows a Real Time 
Clock to be implemented. 
3: | PORTB has software-configurable weak pull-ups. 
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TABLE 1-2: PIC16C6X FUNCTION SECTIONS 
FUNCTION SECTION 


PIC16C64 PIC16C61 
| 
| 
| 

55 








oO 
© 


oT 
NO 


/O Ports 
PORTA 
PORTB 
PORTC 
PORTD 
PORTE 

I/O Programming 

Parallel Slave Port 


on; oi 
=| © 
On 
—h, 


On 
G2 


ol 
ay 


On 
Oo 


OT 
ae) 


: 5.7 


Timer Module Overview 


12.0 


Capture/Compare/PWM 


Synchronous Serial Port (SPI/I2C) 
Serial Communications Interface (USART) 


7.0 


ty St 
3/3/13 
oy a 2 
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2.0 PIC16C6X DEVICE VARIETIES 


A variety of frequency ranges and packaging options 
are available. Depending on application and production 
requirements, the proper device option can be selected 
using the information in the PIC16C6X Product Selec- 
tion System section at the end of this data sheet. When 
placing orders, please use this page of the data sheet 
to specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in CERDIP package, 
is optimal for prototype development and pilot pro- 
grams. 


The UV erasable version can be erased and repro- 
grammed to any of the configuration modes. 
Microchip's PICSTART® and PRO MATE™ program- 
mers both support programming of the PIC16C6X. 
Third party programmers also are available; refer to the 
Third Party Guide for a list of sources. 


2.2 One-Time-Programmable (OTP 
Devices 


The availability of OTP devices is especially useful for 
customers who need the flexibility for frequent code 
updates and small volume applications. 


The OTP devices, packaged in plastic packages, permit 
the user to program them once. In addition to the pro- 
gram memory, the configuration bits must also be pro- 
grammed. 


2.3 Quick-Turnaround-Production (QTP) 


Devices 


Microchip offers a QTP Programming Service for fac- 
tory production orders. This service is made available 
for users who choose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and configuration options 
already programmed by the factory. Certain code and 
prototype verification procedures apply before produc- 
tion shipments are available. Please contact your local 
Microchip Technology sales office for more details. 


2.4 Serialized Quick-Turnaround 


Production (SQTP®°™) Devices 


Microchip offers a unique programming service where 
a few user-defined locations in each device are pro- 
grammed with different serial numbers. The serial num- 
bers may be random, pseudo-random or sequential. 


Serial programming allows each device to have a 
unique number which can serve as an entry-code, 
password or ID number. 
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3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16CXX family can be 
attributed to a number of architectural features com- 
monly found in RISC microprocessors. To begin with, 
the PIC16CXX uses a Harvard architecture, in which, 
program and data are accessed from separate memo- 
ries using separate busses. This improves bandwidth 
over traditional von Neumann architecture where pro- 
gram and data are fetched from the same memory 
using the same bus. Separating program and data bus- 
ses further allows instructions to be sized differently 
than 8-bit wide data word. Instruction op-codes are 
14-bits wide making it possible to have all single word 
instructions. A 14-bit wide program memory access bus 
fetches a 14-bit instruction in a single cycle. A 
two-stage pipeline overlaps fetch and execution of 
instructions (see Example 3-1). Consequently, all 
instructions execute in a single cycle (200ns @ 20MHz) 
except for program branches. 


The PIC16C65 addresses 4K x 14 program memory. 
The PIC16C64 addresses 2K x 14 program memory 


‘and the PIC16C61 addresses 1K x 14 program mem- 


ory. All program memory is internal. 


The PIC16CXX can directly or indirectly address its 
register files or data memory. All special function reg- 
isters including the program counter are mapped in 
the data memory. The PIC16CXX has an orthogonal 
(symmetrical) instruction set that makes it possible to 
carry out any operation on any register using any 
addressing mode. This symmetrical nature and lack of 
“special optimal situations” makes programming with 
the PIC16CXX simple yet efficient. In addition, the 
learning curve is significantly reduced. 


The PiIC16CXX device contains an 8-bit ALU and work- 
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions 
between data in the working register and any register 
file. 


The ALU is 8-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple- 
ment in nature. In two-operand instructions, typically 
one operand is the working register (W register). The 
other operand is a file register or an immediate con- 
stant. in single operand instructions, the operand is 
either the W register or a file register. 


The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 


Depending upon the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow and digit borrow out bit, respec- 
tively, bit in subtraction. See the SUBLW and SUBWF 
instructions for examples. 


A simplified block diagram for the PIC16C65 is shown 
in Figure 3-1, its corresponding pin description is 
shown in Table 3-1, a simplified block diagram for the 
PIC16C64 is shown in Figure 3-2, its corresponding pin 
description is shown in Table 3-1, and a simplified block 
diagram for the PIC16C61 is shown in Figure 3-3, its 
corresponding pin description is shown in Table 3-1. 
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FIGURE 3-1: PIC16C65 BLOCK DIAGRAM | 
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FIGURE 3-2: PIC16C64 BLOCK DIAGRAM 
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FIGURE 3-3: PICI 6C61 BLOCK DIAGRAM 





Data Bus <8> 


13 
<2 Program Counter 


EPROM 


Program 


Memory ! RAM 
1K x 14 8 Level Stack File 
es i (13 bit) Registers 


36 x8 


eo 


Program 
Bus <14> 


| I ; i<| RBO/INT 
Direct Addr <7> 


S<] RB1-RB7 


3 
Power-up eS 


Timer 


instruction Oscillator 
Decode & Start-up Timer \ aww / 


Control 
Power-on 
Reset 


. Watchdog 


t Higher order bits are from STATUS register. 





DS30234A-page 2-316 © 1995 Microchip Technology Inc. 


PIC16C6X 








TABLE 3-1: PIC16C65 PINOUT DESCRIPTION 


Name or Description 
Type Type 
OSC1/CLKIN ST/CMOS% | Oscillator crystal input/external clock source input. 
OSC2/CLKOUT 14 Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 


denotes the instruction cycle rate. 


MCLR ver 1 2 ! F ST Master clear (reset) input/programming veltage input. 
This pin is an active low reset to the device. 


PORTA is a bidirectional I/O port. 


RA4/TOCKI Can also be selected to be the clock input to the 
TMRO timer/counter. Output is open collector type. 


RA5/SS Slave select for the synchronous serial port. 


PORTB is a bidirectional I/O port. PortB can be software 

programmed for internal weak pull-up on all inputs. 
RBO/INT can also be selected as an external inter- 
rupt pin. 


Interrupt on change pin. 
Interrupt on change pin. — 
Interrupt on change pin. Serial programming clock. 
Interrupt on change pin. Serial programming data. 
| PORTC is a bidirectional I/O port. 
RCO/T10SO/T1CKI RCO/T1OSO/T1CKI can also be selected as a 





Timer1 oscillator output/Timer1 clock input. 
RC1/TIOSI/CCP2 RC1/T1OSI/CCP2 can also be selected as a Timert 
oscillator input or Capture 2, input/Compare 2 out- 
put/PWM 2 output. 
|RC2/CCP 1 RC2/CCP1 can also be selected as a capture1 
input/compare1 output/PWM1 output. 
RC3/SCK/SCL RC3/SCK/SCL can also be selected as the synchro- 
nous serial clock input/output for both SPI and 2c 
modes. 
RC4/SDI/SDA RC4/SDI/SDA can also be selected as the SPI Data 
In (SPI mode) or data 1/0 (I?C mode). 
RC5/SDO RC5/SDO can also be selected as the SPI Data Out 
(SPI mode). 
RC6/TX/CK RC6/TX/CK can also be selected as Asynchronous 
Transmit or SCI Synchronous Clock. 
RC7/RX/DT RC7/RX/DT can also be selected as the Asynchro- 
| | nous Receive or SCI Synchronous Data. 
Legend: I= input O = output 1/O = input/output P = power 
— = Not used TTL = TTL input ST = Schmitt Trigger input 


Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel 
Slave Port mode (for interfacing to a microprocessor bus). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 





© 1995 Microchip Technology Inc. DS30234A-page 2-317 





PIC16C6X 








TABLE 3-1: | PIC16C65 PINOUT DESCRIPTION (CONT.) | 


Name cna chi oe Description | 
No. Type Type | 


PORTD is a bidirectional I/O port or parallel slave or 
interfacing to a microprocessor bus. 





RDO/PSPO 21 
RD1/PSP1 | 22 
RD2/PSP2 23 
RD3/PSP3 24 
RD4/PSP4 30 
RD5/PSP5 31 
RD6/PSP6 32 
RD7/PSP7 . 33 
PORTE is a bidirectional 1/O port. — 
REO/RD read control for parallel slave port. 
RE1/WR write control for parallel slave porté. 
. RE2/C5 select control for parallel slave port. 
, 
4 should be left unconnected. 
Legend: {= input O = output /O = input/output P = power 
— = Not used TTL = TTL input ST = Schmitt Trigger input 


Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel 
Slave Port mode (for interfacing to a microprocessor bus). | 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-2: PIC16C64 PINOUT DESCRIPTION 


PLCC MQFP V/O/P Buffer Dawe tion 
No. No. Type Type P 























OSC1/CLKIN ce a ee ST/CMOS*% | Oscillator crystal input/external clock source input. 
OSC2/CLKOUT 14 Oscillator crystal output. Connects to crystal or resonator 


in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 
denotes the instruction cycle rate. 


MGLR/Vee ST Master clear (reset) input/programming voltage input. 
This pin is an active low reset to the device. 


PORTA is a bidirectional !/O port. 
RA4/TOCKI Can also be selected to be the clock input to the 
TMRO timer/counter. Output is open collector type. 
RAS/SS Slave select for the synchronous serial port. 


PORTB is a bidirectional I/O port. PortB can be software 
programmed for internal weak pull-up on all inputs. 


RBO/INT can also be selected as an external inter- 
__fupt pin. 





Interrupt on change pin. 
~ Interrupt on change pin. 
Interrupt on change pin. Serial programming clock. 
Interrupt on change pin. Serial programming data 
PORTC is a bidirectional 1/O port. 


RCO/T1OSI/T1CKI RCO0/T10SI/T1CKI can also be selected as a Timer1 
oscillator input/Timer1 clock input. 

RC1/T10SO RC1/T1OSI can also be selected as a Timer1 oscil- 
lator output. 

RC2/CCP1 RC2/CCP1 can also be selected as a capture1 
input/compare1 output/PWM1 output. 

RC3/SCK/SCL RC3/SCK/SCL can also be selected as the synchro- 
nous serial clock input/output for both SPI and 2c 
modes. 

RC4/SDI/SDA RC4/SDI/SDA can also be selected as the SP! Data 
In (SPI mode) or data I/O (I2C mode). 

RC5/SDO RC5/SDO can also be selected as the SP/ Data Out 
(SPI mode). 

RC6 

RC7 

Legend: != input O = output \/O = input/output P = power 

— = Not used TTL =TTL input ST = Schmitt Trigger input 


Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel 
Slave Port mode (for interfacing to a microprocessor bus). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-2: PIC16C64 PINOUT DESCRIPTION (CONT.) 


PLCC VO/P | Buffer ‘ | 


PORTD is a bidirectional I/O port or parallel slave or 
interfacing to a microprocessor bus. 





























































RDO/PSPO 
RD1/PSP1 
|RD2/PSP2 
RD3/PSP3 24 
RD4/PSP4 30 
RD5/PSP5 31 
RD6/PSP6 32 
RD7/PSP7 33 1/0 
PORTE is a bidirectional I/O port. 
9 25 1/0 REO/RD read control for parallel slave port5. 
10 26 /O RE1/WR write control for parallel slave porté. 
11 27 1/0 RE2/CS select control for parallel slave port. 
| 1334 | 629 | P {| — | Ground reference for logic and \/O pins. 
[72.35 | 7.28 | P| — [Poste supply fortogic and VO pins 
e.'| soe | | _|eoutbotttunomededs 
40 33,34 should be left unconnected. | 
Legend: |= input O = output /O = input/output - P = power . 
— = Not used TTL =TTL input ST = Schmitt Trigger input 


Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel 
_ Slave Port mode (for interfacing to a microprocessor bus). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-3: PIC16C61 PINOUT DESCRIPTION 


Name ele cha dias Description 
No. Type Type P 
OSC1/CLKIN Le ST/CMOS' | Oscillator crystal input/external clock source input. 


OSC2/CLKOUT 15 15 Oscillator crystal output. Connects to crystal or resonator in crystal 
oscillator mode. In RC mode, OSC2 pin outputs CLKOUT which has 
1/4 the frequency of OSC1, and denotes the instruction cycle rate. 


ST Master clear (reset) input/programming voltage input. This pin is an 
active low reset to the device. 


PORTA is a bidirectional I/O port. 


Can also be selected to be the clock input to the TMRO 
timer/counter. Output is open collector type. 


PORTB is a bidirectional |/O port. PortB can be software pro- 
grammed for internal weak pull-up on all inputs. 


RBO/INT can also be selected as an external interrupt pin. 


Interrupt on change pin. 
Interrupt on change pin. 
Interrupt on change pin. Serial programming clock. 
Interrupt on change pin. Serial programming data. 


Ground reference for logic and I/O pins. 
Positive supply for logic and I/O pins. 


Legend: l= input O = output (/O = input/output P = power 
— = Not used TTL =TTL input ST = Schmitt Trigger input 
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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3.1 Clocking Scheme/Instruction Cycle 


The clock input (from OSC1) is internally divided by 
four to generate four non-overlapping quadrature 
clocks namely Q1, Q2, Q3 and Q4. Internally, the pro- 
gram counter (PC) is incremented every Q1, the 
instruction is fetched from the program memory and 
- latched into the instruction register in Q4. The instruc- 
tion is decoded and executed during the following Q1 
through Q4. The clock and instruction execution flow is 
shown in Figure 3-4. | 


FIGURE 3-4: CLOCK/INSTRUCTION CYCLE 


PC 
(Program counter) 
OSC2/CLKOUT 
C mode) 
Fetch INST (PC) 
Execute INST (PC-1 


EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 


Fetch 1 


2.MOVWF PORTB Fetch 2 


1.MOVLW 55h 


3. CALL SUB_1 
4.BSF PORTA, BIT3 





3.2 Instruction Flow/Pipelining 


An “Instruction Cycle” consists of four Q cycles (Q1, 
Q2, Q3 and Q4). The instruction fetch and execute are 
pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) 
then two cycles are required to complete the instruction 
(see Example 3-1). 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. 


In the execution cycle, the fetched instruction is latched 
into the “Instruction Register (IR)” in cycle Q1. This 
instruction is then decoded and executed during the 
Q2, Q3, and Q4 cycles. Data memory is read during Q2 
(operand read) and written during Q4 (destination 
write). 


internal 
Phase 


Q3 / \ +— nee) J arapeoR| | Clock 


Fetch INST (PC+1) 
Execute INST (PC 


Fetch INST (PC+2 
Execute INST (PC+1) 


Fetch 3 
Fetch 4 So 
Fetch SUB_1 


All instructions are single cycle, except for any program branches. These take two cycles since the fetched 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 
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4.0 MEMORY ORGANIZATION FIGURE 4-2: PIC16C64 PROGRAM 
MEMORY MAP AND STACK 
4.1 Program Memory Organization 


The PIC16C6X family has a 13-bit program counter CALL, RETURN 
RETFIE, RETLW 


Stack Level 1 


capable of addressing an 8K x 14 program memory 
space. For the PIC16C65, only the first 4K x 14 


(0000-OFFFh) are physically implemented. For the a i 





PIC16C64, only the first 2K x 14 (0000-07FFh) are 
physically implemented and for the PIC16C61, only the , 
first 1K x 14 (0000-03FFh) is physically implemented. 


Accessing a location above the physically implemented 
address will cause a wraparound. The reset vector is at 
0000h and the interrupt vector is at 0004h (see 
Figure 4-1, Figure 4-2 and Figure 4-3). 


Peripheral Interrupt Vector 


On-chip Program 
Memory 


User Memory 
Space 





FIGURE 4-1: PIC16C65 PROGRAM 
MEMORY MAP AND STACK 


PC<12:0> 


CALL, RETURN 
RETFIE, RETLW 


Stack Level 1 


FIGURE 4-3: PIC16C61 PROGRAM 
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4.2 Data Memory Organization FIGURE 4-4: PIC16C65 REGISTER FILE — 
| | MAP 


the general purpose registers and the special function 
registers. Bank 0 is selected when the RPO bit in the : : [OPTION _| 
STATUS register is cleared. Bank 1 is selected when eNO es 

the RPO bit in the STATUS register is set. Each Bank 


extends up to 7Fh (128 bytes). The iower locations of | STATUS STATUS | 
FSR 


The data memory (see Figure 4-4, Figure 4-5 and File Address oe —s 


Figure 4-6) is partitioned into two Banks which contain | | 
Indirect addr.(*) | Indirect addr.(*) 


PCL 
each Bank are reserved for the Special Function Reg- FSR 
isters. Above the Special Function Registers are 


General Purpose Registers implemented as static PORTA TRISA 


RAM. Some Special Function Registers are mapped PORTB > TRISB 
in Bank 1. : | PORTC 
4.21 GENERAL PURPOSE REGISTER FILE PORTD 
The register file is accessed either directly, or indirectly iil 
through the file select register FSR (see Section 4.4). PCLATH 
The general purpose register locations 8Ch—AFh of INTCON INTCON 


Bank 1 on the PIC16C61 are not physically imple- 
mented. These locations are mapped into OCh — 2Fh of 
Bank 0. ) 


TMRIL 


TMR1H 
TICON 
TMR2 


SSPBUF SSPADD 
SSPCON SSPSTAT 


CCPRIL 

CCPRIH 

CCP1CON 
RCSTA 


TXREG 
|  RCREG 


CCPR2L 
CCPR2H 


CCP2CON 


General General 
Purpose Purpose 
Register Register 


Bank 0 Bank 1 


* Not a physical register 
Unimplemented data memory location; reads as ‘O's. 
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FIGURE 4-5: PIC16C64 REGISTER FILE FIGURE 4-6: PIC16C61 REGISTER FILE 
MAP MAP 
File Address File Address 


Indirect addr.(*) | Indirect addr.(*) 
Indirect addr.(*) | Indirect addr.(* 
TMRO OPTION 
TMRO OPTION 

PCL PCL 

STATUS STATUS 
SR 

FSR 


FSR F 


STATUS STATUS 


| PORTA 
PORTA TRISA 
PORTB TRISB 
PORTC TRISC PORTS | CRISS 
PORTD TRISD 
PORTE TRISE 


PCLATH- . PCLATH 
PCLATH PCLATH 
INTCON INTCON 
PIE1 


INTCON INTCON 


PIR1 
: General Mapped 
TwAit | POON | Supose | BERR 
: Register 
TMR1H 
TICON | 


TMR2 


T2CON PR2 
SSPBUF | SSPADD 
SSPCON SSPSTAT 


CCPRIL 


CCPRIH 


CCP1CON 


Bank 0 Bank 1 


* Not a physical register 
Unimplemented data memory location; reads as ‘0's. 


General 
Purpose 


General Register 


Purpose 
Register 


Bank 0 Bank 1 


* Not a physical register 
Unimplemented data memory location; reads as '0's. 





© 1995 Microchip Technology Inc. DS30234A-page 2-325 


PIC16C6X 








4.2.2 SPECIAL FUNCTION REGISTERS: The special registers can be classified into two sets. 
ae The special registers associated with the “core” func- 
_The Special Function Registers are registers used by tions are described in this section. Those related to the 
the CPU and Peripheral functions for controlling the operation of the peripheral features are described in the 
desired operation of the device (see Table 4-2 and section of that peripheral feature. | 


Table 4-2). These registers are static RAM. - 


TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C65 AND PIC1 6C64 




















. Malue on | Value on all 
Power-On | other resets 
(Note 2) 


Bank 0 | 


Addressing this location uses contents of FSR to address data memory (not a physical register) 
Per fiw time 

a on00 0000 
est |smarus [iP [met | RPO [ TO | PO [ 2 | oe [© | o0ot ten | om7rm 
[off [FSR [Indrectdatamemory adres pointer —* (| a 


PORTA fee | PORTA Data Latch when written: PORTA pins when read | 300000 | uu uuu | 


PORTB Data Latch when written: PORTB pins when read . 


PORTC Data Latch when written: PORTC pins when read | oooQ ec: | _uuUU UU | 
| 08 |PORTD | PORTD Data Latch when written: PORTD pins when read 
PORTE PORTE Data Latch when written: PORTE pins when read 

, : =20000 | 90 
WTCON | Ge | Pele | Toe [ WTe | ABI | TOF | INF | ABIF | cD00000 | o200000u 




































OAt 
OBt 


Hi 
: 
Hl 


TMR1H Timer1 Most Significant Byte : 


[eon | anu a | 
TIGON [TOKPSH [TioKPSO [TIOSCEN] TTSYNC | TURIGS [TWATON | 00.0000 | ww usw | 


TMR2 Timer2 * | 0000 0000 | 0000 0000 


evans [eae aa 


SSPBUF ‘Synchronous Serial Port-Receive Buffer/Transmit Register 


it xREs 00 0 





oDtt 






OF 






11 





U 
QO 
=x 





17 








ao | 


— 


ook 


oOo}; @ 
—+| + 


1ATt CREG SCI Receive Data Register 0000 0000 | 0000 0000 


1Btt |CCPR2L | Capture/Compare/Duty Cycle Register 2 (LSB) 000000 | 
1Ctt |CCPR2H |Capture/Compare/Duty Cycle Register 2 (MSB) | | 2000 1000 | 


IDF [OoPaCON | 


Legend: x= unknown, u = unchanged, ? = value depends on condition, shaded locations are unimplemented and read as ‘0’ 
tT: These registers can be addressed from either bank. | 
Tt: These registers or bits are not physically implemented on the PIC16C64 and are read as “0”. 
tttThese bits are reserved on the PIC16C65. | 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con- 
tents are transferred to the upper byte of the program counter. 
2: Other (non power-up) resets include external reset through MCLR or Watchdog Timer reset. 
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TABLE 4-1: SPECIAL REGISTERS FORTHE PIC16C65 AND PIC16C64 (CONT.) 


Value on_ | Value on all 
Address | Name Bit 7 Power-On | other resets 
Reset (Note 2) 


Bank 1 











INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | =| 











or fomren | mano [ese [ee [se || | | 

set _|PoL e200 0000 
est _|smarus [ime [Apt [Apo | TO | PO [ 2 | 06 | © | coor | coor rm 

84 |FSR Indirect data memory address pointer uuuu uuu 
| 85) |TRISA PORTA Data Direction Register 
| 86 |TRISB — {PORTB Data Direction Register 
PORTC Data Direction Register 
PORTD Data Direction Register pada atad [194d titt | 





























| 92 |PR20 Timer2 Period Register 11111111 
| 93 | SSPADD | Synchronous Serial Port (IPC mode) Address Register 


















: 


[om | Pp | 8 | AW | vA [BF | -cooo00 | ~000000 | 


src eee oe es ee Es 
=== 
000 a 











t: These registers can be addressed from either bank. 
tt: These registers or bits are not physically implemented on the PIC16C64 and are read as “0”. 
tttThese bits are reserved on the PIC16C65. 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con- 
tents are transferred to the upper byte of the program counter. 
2: Other (non power-up) resets include external reset through MCLR or Watchdog Timer reset. 
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TABLE 4-2: SPECIAL REGISTERS FOR THE PIC16C61 


Bank 0 








Value on | Value on all 













INDF 
(indirect Addressing this location uses contents of FSR to address data memory (not a physical register) 
address) | 





Program Courors (PEt) Least Signet yo —————SSSSCSCSSS—*( 0 00 | 00 0000 
[eat [FSA Indirect dala momoryaddfosspohier oe | 


Program Counter's (PC's) Least Significant Byte - 


ro PORTA Ee PORTA Data Latch when written: PORTA pins when read 


| 06 PORTB PORTB Data Latch when written: PORTB pins when read 
















ARAL 
Con 
ui] 











ont 
(ost _[INTCON | GE | F To | INTE | ABIE | TOF | INTF | ABIF | 0000000 | 00 
_|Bank 1 : 





INDF | . 
80t | (indirect Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 
address) | 


Program Counter's (PC's) Least Significant Byte | 
Caet sus] | [ae | TO | "ar | 07 Pa 


14111111 







LE 
: 


8 






0000 0000 
p1441:1411 | 

0000 CO00 
| 000? uuu | 
[eet [Fen [ioc data remo ake peer | 
TAA 
[a6 rise —| Pose bats Srsion Rog 
— a 

. Write Buffer for th 5 bits of the P C ter (PC 


Legend: x = unknown, u = unchanged, ? = value depends on condition, shaded locations are unimplemented and read as ‘0’ 
t: These registers can be addressed from either bank. ie . 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con- 
tents are transferred to the upper byte of the program counter. | 
2: Other (non power-up) resets include external reset through MCLR or Watchdog Timer reset. 
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4.2.2.1 STATUS REGISTER 


The STATUS register, shown in Figure 4-7, contains 
the arithmetic status of the ALU, the RESET status and 
the bank select bits for data memory. 


The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis- 
ter is the destination for an instruction that affects the Z, 
DC or C bits, then the write to these three bits is dis- 
abled. These bits are set or cleared according to the 
logic. Furthermore, the TO and PD bits are not writ- 
able. Therefore, the result of an instruction with the 
STATUS register as destination may be different than 
intended. 


For example, CLRF STATUS will clear the upper-three 
bits and set the Z bit. This leaves the status register 
as OO0OUU1UU (where U = unchanged). 


FIGURE 4-7: STATUS REGISTER 


RW RW RIW RW RW RW 


Pie [wer [reo] wo] we] 2 [ec] 


bit7 


bitO | ‘TO, BD are uniquely set or cleared 


It is recommended, therefore, that only BCF, BSF, 


SWAPF and MOVWF instructions are used to alter the 
status registers because these instructions do not 
affect any status bit. For other instructions, not affecting 
any status bits, see the “Instruction Set Summary 





STATUS 
O3h or 83h 
0001 1Xxx 


Writable 
Readable 
Unimplemented, 
read as '0' 


C: Carry/borrow bit. 


For ADDWF and ADDLW instructions. 


1= Acarry-out from the most significant bit of the result occurred. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

0 = No carry-out from the most significant bit of the result. 

Note: For borrow the polarity is reversed. 


DC: Digit carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the 4th low order bit of the result occurred. 
0= Nocarry-out from the 4th low order bit of the result. 

Note: For Borrow the polarity is reversed. 


Z: Zero bit. 
1= The result of an arithmetic or logic operation is zero. 
O= The result of an arithmetic or logic operation is not zero. 


PD: Power down bit. 
1 = After power-up or by a CLRWDT command. 
0 = By execution of the SLEEP instruction. 


TO: Time-out bit. 
1= After power-up and by the CLRWDT and SLEEP instruction. 
O0= Awatchdog timer time-out has occurred. 


RP<1:0>: Register bank select bits for direct addressing. 


00 = Bank 0 (00h - 7Fh) 

01 = Bank 1 (80h - FFh) 

10 = Bank 2 (100h - 17Fh) 

11 = Bank 3 (180h - 1FFh) 

Each bank is 128 bytes. 

Only the RPO bit is used by the PIC16C6X. RP1 should be programmed as 'O'. 
Using the RP1 bit as a general purpose read/write bit is not 

recommended, since this may affect upward compatibility with future 

products. 


IRP: Register bank select bits for indirect addressing. 
O = Bank 0,1 (00h - FFh) 
1 = Bank 2,3 (100h - 1FFh) 





The IRP bit is not used by the PIC16C6X. IRP should be programmed as ‘0'. 
Use of the IRP bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.2.2.2 OPTION REGISTER 


The OPTION register, shown in Figure 4-8, is a read- 
able and writable register which contains various con- 
trol bits to configure the TMRO/WDT prescaler, the 
external INT interrupt, TMRO, and the weak pull-ups on 
PORTB. 





FIGURE 4-8: OPTION REGISTER 





RW RW RAW RW RW RW RW RW 


Register: OPTION : Writable 
INTEDG| TOCS! TOSE| PSA | PS2/ PS1 | Pso| Address: 81h : Readable 
POR value: FFh :  Unimplemented. 
bit7 bit O Bead as '0' 


| PS2-PSo PRESCALER VALUE TMRO RATE | WDT RATE 


PS2___ PS1 PSO 





ee ee ee ee ee | 
ee ee ee ee ee ee er 
) 


PSA: Prescaler assignment bit. 
1 = Prescaler assigned to the WDT 
0 = Prescaler assigned to TMRO 


TOSE: TMRO source edge. | 


1 = Increment on high-to-low transition on RA4/TOCKI pin 
0 = Increment on low-to-high transition on RA4/TOCKI pin 


TOCS: TMRO clock source. 


1 = Transition on RA4/TOCKI pin 
0 = Internal instruction cycle clock (CLKOUT) 


INTEDG: Interrupt edge select. 


1 = Interrupt on rising edge of RBO/INT pin 
0 = Interrupt on falling edge of RBO/INT pin 


RBPU: PortB pull-up enable. 7 


1 = PortB pull-ups are disabled overriding any port latch value 
0 = PortB pull-ups are enabled by individual port-latch values 





SRR ae SC a LR OE Re EO OS OI DPC SR EOE SAS aR NT ee ee 
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4.2.2.3 INTCON REGISTER 


The INTCON Register is a readable and writable regis- 
ter which contains the various enable and flag bits for 
the Timer overflow, RB port change and external INT 
pin interrupts. Figure 4-9 shows the bits for the 
INTCON Register for the PIC16C65 and PIC16C64. 
Figure 4-10 shows the INTCON register for the 
PIC16C61. 





FIGURE 4-9: INTCON REGISTER FOR PIC16C65 AND PIC16C64 ONLY 





Address: OBhor8Bh| R: Readable 
EEIE- EOE a eng og iad INTE | RBI POR value: 0000 000xb; U: Unimplemented, 


bit7 bitO read as ‘0' 


RBIF: RB port change interrupt flag. 

1 = When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

0 = None of the RB<7:4> inputs have changed. 


INTF: External interrupt flag. 


1 = The external INT interrupt has occurred. 
Must be cleared by software. 

0 = The INT interrupt did not occur 

TOIF: TMRO overflow interrupt flag. 

1 = The TMRO has overflowed. 
Must be cleared by software. 

0 = TMRO did not overflow. 

RBIE: RB port change interrupt enable bit. 

1 = Enables RBIF interrupt 

0 = Disables RBIF interrupt 

INTE: INT interrupt enable bit. 

1 = Enables INTF interrupt 

0 = Disables INTF interrupt 

TOIE: TOIF interrupt enable bit. 


1 = Enables TOIF interrupt 
0 = Disables TOIF interrupt 


PEIE: Peripheral interrupt enable bit. 


1 = Enables all un-masked peripheral interrupts 
0 = Disables all peripheral interrupts 


GIE: Global interrupt enable. 
1 = Enables all un-masked interrupts 
0 = Disables all interrupts 
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FIGURE 4-10: INTCON REGISTER FOR PIC16C61 ONLY 








R/W_ RW RW RW RW RW INTCON |W: Writable 


| Register: WwW: | 
[oe[ Toe INTE RBIE TOIF RBIF Address: OBhor8Bh | R: Readable 
POR value:0000 000xb :  Unimplemented 


bit7 | ae a read as '0' 


RBIF: RB port change interrupt flag. 

1 = When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

0 = None of the RB<7:4> inputs have changed. 

INTF: External interrupt flag. . 

1 = The external INT interrupt has occurred. 
Must be cleared by software. 

0 = The INT interrupt did not occur 

TOIF: TMRO overflow interrupt flag. 

1 = The TMRO has overflowed. 
Must be cleared by. software. 

0 = TMRO did not overflow. 

RBIE: RB port change interrupt enable bit. 

1 = Enables RBIF interrupt 

0 = Disables RBIF interrupt 

INTE: INT interrupt enable bit. 

1 = Enables INTF interrupt 

0 = Disables INTF interrupt | 

TOIE: TOIF interrupt enable bit. 

1 = Enables TOIF interrupt 

0 = Disables TOIF interrupt 


Unimplemented 
GIE: Global interrupt enable. 


1 = Enables all un-masked interrupts 
0 = Disables all interrupts 
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4.2.2.4 PIE1 REGISTER 


This register contains the individual enable bits for the 
Peripheral interrupts. Figure 4-11 shows the PIE1 reg- 
ister for the PIC16C65 and Figure 4-12 shows the PIE1 
register for the PIC16C64. 





FIGURE 4-11: PIE1 REGISTER FOR PIC16C65 ONLY 


RW RW 


RW RW RW RW ORM 
| PSPIE| — RCIE | TXIE | SSPIE CCPIIE | TMR2IE | TMRIIE Register: PIET| W: Writable 
Address: Readable 
bito 


bit7 POR value: 00h | U: Unimplemented, 
read as '0' 


TMRIIE: Timer1 interrupt enable bit. 


1 = Enables TMRI1IF interrupt. 
0 = Disables TMRI1IF interrupt. 


TMR2IE: Timer2 interrupt enable bit. 


1 = Enables TMR@IF interrupt. 
0 = Disables TMR@IF interrupt. 


CCP1IE: CCP1 interrupt enable bit. 
1 = Enables CCP1IF interrupt. 
0 = Disables CCP1IF interrupt. 


SSPIE: Synchronous serial port interrupt enable bit. 
1 = Enables SSPIF interrupt. 
0 = Disables SSPIF interrupt. 


TXIE: Serial communication interface transmit 
interrupt enable bit. 


1 = Enables TXIF interrupt. 
0 = Disables TXIF interrupt. 


RCIE: Serial communication interface receive 
interrupt enable bit. 


1 = Enables RCIF interrupt. 
0 = Disables RCIF interrupt. 


Reserved 


PSPIE: Parallel slave port interrupt enable bit. 


1 = Enables PSPIF interrupt. 
0 = Disables PSPIF interrupt. 
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FIGURE 4-12: PIE1 REGISTER FOR PIC16C64 ONLY 


Address: : Readable 


bit7 POR value: 0Oh | U: Unimplemented, 
| read as '0' 

TMRIIE: Timer interrupt enable bit. 
-1'= Enables TMAIIF interrupt. oe * 

0 = Disables TMR1IF interrupt. 

TMR2IE: Timer2 interrupt enable bit. 

2 1 = Enables TMR2IF interrupt. 

0 = Disables TMR2IF interrupt. | 

CCP1IE: CCP1 interrupt enable bit. . | 

1 = Enables CCP1IF interrupt. 

0 = Disables CCP1IF interrupt. 

SSPIE: Synchronous serial port interrupt enable bit. 
1 = Enables SSPIF interrupt. 

0 = Disables SSPIF interrupt. 


Unimplemented 





PSPIE: Parallel slave port interrupt enable bit. 


1 = Enables PSPIF interrupt. 
0 = Disables PSPIF interrupt. 
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4.2.2.5 PIR1 REGISTER 


This register contains the individual flag bits for the 
Peripheral interrupts. Figure 4-13 shows the PIR1 reg- 
ister for the PIC16C65 and Figure 4-14 shows the PIR1 
register for the PIC16C64. 


FIGURE 4-13: PIR1 REGISTER FOR PIC16C65 ONLY 


R/W R R R/W R/W R/W R/W 
PSPIF | — |RCIF| TXIF) SSPIF |CCP1IF |TMR2IF | TMRIIF 


bit7 bitO 





Register: PIR1 : Writable 

Address: OCh : Readable 

POR value: OOh : Unimplemented, 
read as ‘0’ 


TMRIIF: Timer1 interrupt flag. 


1 =Timer1 overflowed. 
Must be cleared in software. 
0 = No Timer1 overflow. 


TMR2IF: Timer2 interrupt flag. 


1 = Timer2 matches period register PR2. 
Must be cleared in software. 
0 = No Timer period match. 


CCP1IF: Capture1/Compare1/PWM1 interrupt. 


Capture Mode 
1 =A Timer1 capture has occurred. 
Must be cleared by software. 
0 =No Timer1 capture occurred. 


Compare Mode 
1 =A Timer1 compare match has occurred. 
Must be cleared by software. 
0 =No Timer1 compare match occurred. 
PWM Mode 
Unused 


SSPIF: Synchronous serial port. 

1 = A transmission/reception is completed. 
Must be cleared in software. 

0 = Waiting to transmit/receive. 


TXIF: Serial communication interface transmit 
interrupt flag. 
1 = Transmit buffer is empty. 


0 = Transmit buffer is full. 
RCIF: Serial communication interface receive 
interrupt flag. 


1 = Receive buffer is full. 
0 = Receive buffer is empty. 


Reserved 


PSPIF: Parallel slave port read/write interrupt flag. 


1 = A read or a write operation has taken place. 
Must be cleared in software. 


0 =No read or write has occurred. 
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FIGURE 4-14: PIR1 REGISTER FOR PIC16C64 ONLY 


RW UO UU RW R/wW RW a 
Register: PIR1 : Writable 
PSPIF SSPIF | CCP1IF | TMR2IF | TMRIIF Address: OCh |R: Readable 


























| POR value: OOh ; Unimplemented, 
read as ‘0’ 


bit7 bitO 





TMRIIF: Timer interrupt flag. 


1 =Timeri overflowed. 
Must be cleared in software. 
0 = No Timer overflow. 


TMR2IF: Timer2 interrupt flag. 


1 = Timer2 matches period register PR2. 
Must be cleared in software. 
0 = No Timer2 period match. 


CCP1IF: Capture1/Compare1/PWM1 interrupt. 


Capture Mode 


1 =A Timer1 capture has occurred. 
Must be cleared by software. 
0 =No Timer1 capture occurred. 





Compare Mode 


1 =A Timer1 compare match has occurred. 
Must be cleared by software. 
0 =No Timeri compare match occurred. 
PWM Mode 
Unused 


SSPIF: Synchronous serial port. 


1 = A transmission/reception is completed. 
Must be cleared in software. 
0 = Waiting to transmit/receive. 


Unimplemented 


PSPIF: Parallel slave port read/write interrupt flag. 


1 = Aread ora write operation has taken place. 
Must be cleared in software. 
0 =No read or write has occurred. 










DS30234A-page 2-336 © 1995 Microchip Technology Inc. 


PIC16C6X 





4.2.26 PIE2 REGISTER 


This register, implemented on the PIC16C65 only, con- 
tains the individual enable bit for the Peripheral Inter- 
rupts (see Figure 4-15). 


FIGURE 4-15: PIE2 REGISTER FOR PIC16C65 ONLY 


U U U U U R/W 
ea es | ee 

























PIE2 |W: Writable 
Address: 8Dh |R: Readable 

bitO POR value: 00h |U: Unimplemented, 
read as ‘0’ 


CCP2IE: CCP2 interrupt enable bit 
1 = Enables CCP2IF interrupt 
0 = Disables CCP2IF interrupt 


Unimplemented, read as '0'. 


SS PG A I A FT TES RS EE ET TPE EE ET TS ESE IT ST I ST SS ETE ST TEE ESE TP I SE SSE SEE SET EEE ETI, 
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4227  PIR2 REGISTER 


This register, implemented on the PIC16C65 only, con- 
tains the individual flag bit for the Peripheral interrupts 
(see Figure 4-16). | 





FIGURE 4-16: PIR2 REGISTER FOR PIC1 6C65 ONLY 


way ee yt 










read as ‘0’ 





UU U U UU URW 
Register: PIR2 |W: Writable 
COP2IF Address: ODh |R: Readable 
bit7 See fone bitO POR value: 00h : Unimplemented, 
ee tie HE 





CCP2IF: Capture2/Compare2/PWM2 interrupt 
Capture Mode 


1 = A Timer1 capture has occurred. 
Must be cleared by software. 
0 = No Timer1 capture occurred. 









Compare Mode 


1 = A Timer1 compare match has occurred. 
Must be cleared by software. 
0 = No Timer1 compare match occurred. 


PWM Mode 
Unused 











Unimplemented, read as '0'. 
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4.2.2.8 PCON REGISTER 


The Power Control (PCON) register, implemented on 
the PIC16C65 and PIC16C64 only, contains a flag bit to 
allow differentiation between a Power-on Reset to an 
external MCLR reset or WDT reset (see Figure 4-17). 


FIGURE 4-17: PCON REGISTER FOR PIC16C65 AND PIC16C64 ONLY 


Register: PCON : Writable 

Address: 8Eh : Readable 

POR value: OOh : Unimplemented, 
read as ‘0’ 





Reserved 


This bit should be programmed as '1'. Use of this 
bit as a general purpose read/write bit is not 
recommended, since this may affect upward 
compatibility with future products. 


POR: Power on reset flag. 

1 = No power on reset has occurred. 

0 = A power-on-reset has occurred. 
Software must set this bit after a 
power-on-reset condition has occured. 


Unimplemented, read as ‘0’. 
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4.3 PCL and PCLATH 


The program counter (PC) is 13-bits wide. The low byte, 
PCL, is a readable and writable register. The high byte 
of the PC (PCH) is not directly readable or writable. 
PCLATH is a holding register for PC<15:8> where con- 
tents are transferred to the upper byte of the program 
counter. When the PC is loaded with a new value during 
acCALL, GOTO ora write to PCL, the high bits of PC 
are loaded from PCLATH as shown in Figure 4-18. 


FIGURE 4-18: LOADING OF PC IN 
DIFFERENT SITUATIONS 





- . 
INST with PCL 
_as dest 


ALU result 


PCLATH 


4.3.1 COMPUTED GOTO 


When doing a table read using a computed GOTO 
method, care should be exercised if the table location 
crosses a PCL memory boundary (each 256 byte 
block). Refer to the application note, “Table Read Using 
the PIC16CXX” (AN556). 


43.2 STACK 


The PIC16CXX has an 8 deep x 13-bit wide hardware 
stack (see Figure 4-1, Figure 4-2 and Figure 4-3). The 
stack space is not part of either program or data space 
and the stack pointer is not readable or writable. The 
PC is PUSHed in the stack when a CALL instruction is 
executed or an interrupt is acknowledged. The stack is 
POPped in the event of aRETURN, RETLWor a RET- 
FIE instruction execution. PCLATH is not affected by a 
“PUSH” or a “POP” operation. 


The stack operates as a circular buffer. This means 
that after the stack has been “PUSHed’ eight times, the 
ninth push overwrites the value that was stored from 
the first push. The tenth push overwrites the second 
push (and so on). 








4.3.3 PROGRAM MEMORY PAGING 


~ The PIC16C65 has 4K of program memory, but the 


CALL and GOTO instructions only have an 11-bit 


- address range. This 11-bit address range allows a 


branch within a 2K program memory page size. To 
allow CALL and GOTO instructions to address the entire 
4K program memory address range, there must be 
another bit to specify the program memory page. This 
paging bit comes from the PCLATH<3> bit (see 
Figure 4-18). When doing a CALL or GOTO instruction, 
the user must ensure that this page bit (PCLATH<3>) is 
programmed to the desired program memory page. If a 
CALL instruction (or interrupt) is executed, the entire 
13-bit PC is pushed onto the stack. Therefore, manipu- 
lation of the PCLATH<3> is not required for the return 





Example 4-1 shows the calling of a subroutine in 
page 1 of the program memory. This example assumes 
that the PCLATH is saved and restored by the interrupt 
service routine (if interrupts are used). 
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EXAMPLE 4-1: CALL OF ASUBROUTINE IN 8-bit FSR register and the IRP bit (STATUS<7>), as 
PAGE 1 FROM PAGE 0 shown in Figure 4-19. However, IRP is not used in the 

ORG 0X500 PIC16C6X. 

BSF PCLATH, 3 ; Select page 1 (800h-FFFh) 


A simple program to clear RAM location 20h-2Fh using 


CALL SUB1_P1 ; Call broutine in ee ar ; 
a ree etas indirect addressing is shown in Example 4-2. 


; page 1 (800h-FFFh) 


EXAMPLE 4-2: INDIRECT ADDRESSING 


ORG 0x900 


1 0x20 sinitiali oint 
SUB1 P1 : : called subroutine eas = sa a ia 
: NEXT Glrt INDF ;clear INDF register 
RETURN ; return to page 0 inc FSR sinc pointer 
; (000h-7FFh) btfss FSR,4 1;all done? 
. . oto NEXT sno clear next 
4.4 Indirect Addressing, INDF and FSR 2 . 
. syes continue 
Registers eeNGne 





The INDF register is not a physical register. Addressing 
the INDF register will cause indirect addressing. 


Indirect addressing is possible by using the INDF regis- 
ter. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). Reading INDF itself indirectly will produce OOh. 
Writing to the INDF register indirectly results in a 
no-operation (although status bits may be affected). An 
effective 9-bit address is obtained by concatenating the 


FIGURE 4-19: DIRECT/INDIRECT ADDRESSING 


Direct Addressing Indirect Addressing 
RP1 RPO 6 from opcode FSR 00 


flea eared 


Nosed aed . 
bank select location select bank select location select 


1400 


Data 
Memory 


BankO Bank1 Bank2 Bank3_ 


Note: For memory map detail see Figure 4-4, Figure 4-5 and Figure 4-6. 
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NOTES: 
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5.0 I/OPORTS 


The PIC16C65 and PIC16C64 have five ports, PORTA 
through PORTE and the PIC16C61 has two ports, 
PORTA and PORTB. These port pins may be multi- 
plexed with an alternate function for the peripheral fea- 
tures on the device. 


5.1 PORTA and TRISA Registers 


PORTA is a 6-bit wide latch for the PIC16C65 and 
PIC16C64 and is a 5-bit wide latch for the PIC16C61. 
RA4 is a Schmitt trigger input and an open collector 
output. All other RA port pins have TTL input levels and 
full CMOS output drivers. All pins have data direction 
bits (TRIS registers) which can configure these pins as 
output or input. 


A'1' in the TRISA register puts the corresponding out- 
put driver in a high impedance mode. A‘0’ in the TRISA 
register puts the contents of the output latch on the 
selected pin(s). 

Reading PORTA register reads the status of the pins 
whereas writing to it will write to the port latch. All write 
operations are read-modify-write operations. So a write 
to a port implies that the port pins are first read, then 
this value is modified and written to the port data latch. 


Port RA4 is multiplexed with TMRO clock input. 


FIGURE 5-1: BLOCK DIAGRAM OF 
RA<3:0> (AND RA<5> ON THE 
PIC16C65/PIC16C64) PINS 


Data 
bus 


“WR 
PORT” CKX. a 


TTL 
‘ input 
ane buffer 


1 Le 


“RD PORT” 


Note: I/O pins have protection diodes to Vpp and Vss 
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EXAMPLE 5-1: INITIALIZING PORTA 


CLRF PORTA :Initialize PORTA by setting 
; output data latches 

BSF STATUS, RPO ;Select Bank1l 

MOVLW OxCF »Value used to initialize 

;data direction 

MOVWF TRISA ;Set RA<3:0> as inputs 

;RA<5:4> as outputs 

;TRISA<7:6> are always 


sread as '0'. 


FIGURE 5-2: BLOCK DIAGRAM OF RA4 PIN 


Data Latch 





: D Q 
TRIS cK~. a 
lhasine 
“RD 
TRIS A” 


“RD PORT” ee: 


TMRO clock input 


Note: I/O pin has protection diodes to Vss only. 
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TABLE 5-1: PORTA FUNCTIONS 


i 

= aa a, Sane inpuVoutput 

RAT | bit, | TTL _| Inputvoutput 

RAs [bef input/output 

Ras TE input/output 
Output is open collector ype: 

gas [as [iwc es pi 


an TTL=TTL nee ST = Schmitt trigger input 



































TABLE 5-2: SUMMARY OF PORTA REGISTERS 


| Name 
[PORTA |PORTApinswhenread———S—S=S™ pins when read ~-x¥x soorx 
PORTA data latch when written 
TRISA PORTA data direction register ~-11 11112 
0 = output, 1 = input 


Legend: x= unknown, - = unimpiemented, read as a '0'. For reset values of registers in other reset Situations tefer to Table 13-8. 
Note 1: The PIC16C61 does not have PORTA bit 5 or TRISA bit 5, read as ‘0’. 
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5.2 PORTB and TRISB Registers 


PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction regis- 
ter is TRISB (address 86h). A ‘1' in the TRISB register 
puts the corresponding output driver in a high imped- 
ance mode. A ‘0’ in the TRISB register puts the contents 
of the output latch on the selected pin(s). 


EXAMPLE 5-2: INITIALIZING PORTB 
CLRF  PORTB ; Initialize PORTB data 
; latches before setting 
the data direction 


; register 

BSF STATUS, RPO ; Select Bankl 

MOVLW OxCF ; Value used to initialize 
; data direction 


MOVWF TRISB ; Set RB<3:0> as inputs 
. : RB<5:4> as outputs 
: RBZZ<7:6> as inputs 


Each of the PORTB pins has a weak internal pull-up. A 
single control bit can turn on all the pull-ups. This is 
done by clearing the RBPU (OPTION<7>) bit. The 
weak pull-up is automatically turned off when the port 
pin is configured as an output. The pull-ups are dis- 
abled on power-on reset. 


Four of PORTB’s pins, RB<7:4>, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7—RB4 pin con- 
figured as an output is excluded from the interrupt on 
change comparison). The input pins (of RB7—RB4) are 
compared with the old value latched on the last read of 
PORTB. The “mismatch” outputs of RB7—RB4 are 
OR’ed together to generate the RBIF interrupt (flag 
latched in INTCON<0>). 


This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the inter- 
rupt in one of two ways: 


a) Disable the interrupt by clearing RBIE 
(INTCON<3>) bit. 


b) Read PORTB. This will end mismatch condition. 
Then, clear the RBIF bit. 


A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow 
easy interface to a key pad and make it possible for 
wake-up on key-depression. (See AN552 in the | 
Embedded Control Handbook). 








The interrupt on change feature is recommended for 
wake-up on key depression operation and operations 
where PORTB is only used for the interrupt on change 
feature. Polling of PORTB is not recommended while 
using the interrupt on change feature. 


FIGURE 5-3: BLOCK DIAGRAM OF 
RB<7:4> PINS 


iO pin 


TTL 
“WR TRIS” \/ Input 


buffer 


From 
other 
port pins 
Latch “RD Port" 


Note: 1. Weak pull-up is enabled if 
TRISB = 1 and RBPU, Option <7>, = 0 
2. V/O pins have diode protection to VoD and Vss 


FIGURE 5-4: BLOCK DIAGRAM OF 
RB<3:0> PINS 


“RD Port” 


“RD Port” 


. Weak pull-up is enabled if 
TRISB = 1 and RBPU, Option <7>, =0 

. I/O pins have diode protection to Vop and Vss. 

. For RBO/INT pin, the INT input comes through a 
Schmitt trigger input buffer. 
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TABLE 5-3: PORTB FUNCTIONS 


[Name | eit_[ Butfertype_ Buffer Type 
TRBO/INT | TTUSTt | input/output pin or external interrupt input. Internal software = —=S interrupt input. Internal software 










programmable weak pull-up. 


ae Input/output pin. Internal software programmable weak pull-up. 
RB2 s|sCébit2_ «| TTL Input/output pin. Internal software programmable weak pull-up. 
bit3 . TTL _| Input/output pin. Internal software programmable weak pull-up. 


RB4 TTL Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. 


RB5 bit5 TTL sleek teh pin (with micunes on change). Internal software programmable 
ee 

TTL/ST$ Input pin (with interrupt on ee Internal software programmable 
Ye ee 
a 
weak pull-up. Serial programming data. 


Legend: TTL =TTL input, ST = Schmitt Trigger 
t This buffer is a Schmitt trigger input when configured as the external interrupt. 
+ This buffer is a Schmitt Trigger input when used in serial programming mode. 
















TABLE 5-4: SUMMARY OF PORTB REGISTERS 


2 ae ee |__Power-on Reset Value _| 
(PORTB.t«‘*” PORTB pins when TPORTBpinswhenreadsts—=—<“‘is™SOSCSCS XXXX XXXX 
PORTB data latch when written 
TRISB PORTB data direction register i sD Wm Es 
O = output, 1 = input 


OPTION Weak pull-up on/off control (RBPU bit) | 


Legend: x= unknown, - = unimplemented, read as a ‘0’. For reset values of registers in other reset situations refer to Table 13-8. 
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5.3 | PORTC and TRISC Registers FIGURE 5-5: PORTC BLOCK DIAGRAM 
PORTC is an 8-bit bidirectional port available in the RIESE EEL Sele 

PIC16C65 and PIC16C64 only. Each pin is individually veneers detent 

configurable as input and output through the TRISC pate 


register. PORTC is multiplexed with several peripheral 
functions (see Table 5-5). PORTC pins have Schmitt 
trigger input buffers. 


EXAMPLE 5-3: INITIALIZING PORTC 

CLRF PORTC ; Initialize PORTC data 
j latches before setting 
: the data direction 


: register PERIPHERAL 
BSF STATUS, RPO ; Select Bankl 
MOVLW OxCF ; Value used to initialize 

; data direction 
MOVWF TRISC ; Set RC<3:0> as inputs Peveneariopyt 


: RC<5:4> as outputs 
: RC<7:6> as inputs 


“RD Port” 
Port/Peripheral select signal selects between port 


data and peripheral output. 

: Peripheral OE (output enable) is only activated if 
peripheral select is active. 

: I/O pins have diode protection to Vop and Vss. 





TABLE 5-5: PORTC FUNCTIONS 


Buffer 
Type 
| ST | Input/output port pin or Timer1 oscillator output/Timer1 clock input on the 
PIC16C65 
RCO/T10SI/T1CKI ka a input/output port pin or Timer1 oscillator input/Timer1 clock input on the 
PIC16C64 


2 bit1 ST | Input/output port pin, Timer1 oscillator input, Capture 2 input/Compare 2 out- 
put/PWM 2 output on the PIC16C65 

















m8) 
2) 
) 
= 
O 
o 
O 
= 
QO 
A 


m8) 
2 
2 
O 
Q 
= 
O 
O 
oO 


RC1/T10SO | Input/output port pin or Timer1 oscillator output on the PIC16C64 
RC2/CCP 1 input/output port pin or Capture1 input/Compare1 output/PWM1 output 


RC3/SCK/SCL bits | ST |RC3/SCK/SCL can also be selected as the synchronous serial clock for both SPI 
and I@C modes. | 

RC4/SDI/SDA bit4 RC4/SDI/SDA can also be selected as the SP! Data In (SPI mode) or data I/O 
(I?C mode). 


RC5/SDO Input/output port pin or Synchronous serial port data output 
RC6/T X/CK! | bité | ST | Input/output port pin, SCI Asynchronous Transmit, or SCI Synchronous Clock 


RC7/RX/DT' Input/output port pin SCI Asynchronous Receive, or SCI Synchronous Data 


Legend: ST = Schmitt Trigger Input 
Note 1: TX/CK and RX/DT are not implemented on the PIC16C64. 





TABLE 5-6: SUMMARY OF PORTC REGISTERS 


PORTC PORTC pins when read O7h XXXX XXXX 
PORTC data latch when written 

TRISC PORTC data direction register 87h 1111 1111 
0 = output, 1 = input 


Legend: x = unknown, - = unimplemented, read as a '0'. For reset values of registers in other reset situations refer to Table 13-8. 
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5.4 PORTD and TRISD Registers | FIGURE 5-6: PORTD BLOCK DIAGRAM 


: ; yi Beil (IN /O PORT MODE) 
PORTD is an 8-bit port with Schmitt trigger input buffers 


available in the PIC16C65 and PIC16C64 only. Each 
pin is individually configurable as input or output. 


PORTD can be configured as an 8-bit wide micropro- 
cessor port (or parallel slave port) by setting control bit 
PSPMODE (TRISE<4>). In this mode, the input buffers 
are TTL. 


/O pin 


Schmitt 
Trigger 


“RD PORT” 


Note: I/O pins have protection diodes to Vop and Vss. 





TABLE 5-7: | PORTD FUNCTIONS 


|_Name _| Butter Type 


| Bit_| 
|RDO/PSPO | bitO | ST/TTL Input/output port pin or parallel slave port bit 0 
Input/output port pin or parallel slave port bit 1 
Input/output port pin or parallel slave port bit 2 
Input/output port pin or parallel slave port bit 3 
nput/output port pin or parallel slave port bit 4 


| 
RD5/PSP5 | bits ST/TTL Input/output port pin or parallel slave port bit 5 | . 
| 

































RD6/PSP6 | bite | ST/TTL _| Input/output port pin or parallel slave port bit 6 
RD7/PSP7 ST/TTL Input/output port pin or parallel slave port bit 7 . | 


Legend: ST = Schmitt Trigger Input when configured for general purpose I/O, TTL = TTL input when configured for Parallel Slave 
Port (PSP). 


TABLE 5-8: | SUMMARY OF PORTD REGISTERS 
| _RegisterName | Function ——|__— Address | __—Power-on Reset Value 
PORTD PORTD pins whenread 
PORTD data latch when written | 
TRISD PORTD data direction register 88h 1T11. 1211 | 
0 = output, 1 = input . 


Legend: x = unknown, -= unimplemented, read as a ‘0’. For reset values of registers in other reset situations refer to Table 13-8. 


























DS30234A-page 2-348 © 1995 Microchip Technology Inc. 


PIC16C6X 








5.5 PORTE and TRISE Register FIGURE 5-7: PORTE BLOCK DIAGRAM (IN 
VO PORT MODE) 


PORTE is available on the PIC16C65 and PIC16C64 
only and has three pins REO, RE1 and RE2, which are 
individually configurable as inputs or outputs. These 
have Schmitt trigger input buffers. 


/O PORTE becomes control inputs for the micropro- 
cessor port when the PSPMODE bit (TRISE<4>) is set. 
In this mode, the user must make sure that the 
TRISE<2:0> bits are set. In this mode the input buffers 
are TTL. 


Figure 5-8 shows the TRISE register, which also con- 
trols the parallel slave port operation. 


TRISE controls the direction of the RE pins. 





“RD PORT” 





FIGURE 5-8: TRISE REGISTER 


R RW R/W U 


R R/W R/W R/V 
Register: TRISE W: Writable 
IBF | OBF | IBOV | PSPMODE| — | TRISE2 | TRISE1 | TRISEO Address: 89h R: Readable 
bitO 


bit POR value: 07h U: Unimplemented, read as ‘0’ 
i 


TRISEO: Direction control bit for port pin REO 


1 = Input 
0 = Output 


TRISE1: Direction control bit for port pin RE1 
1 = Input 

0 = Output 

TRISE2: Direction control bit for port pin RE2 
1 = Input 

0 = Output 

Unimplemented. 

Read as '0' 


PSPMODE: Selects parallel slave port mode for ports 
RD and RE. 


1= Parallel slave port mode. 
0 = General purpose I/O. 
IBOV: Input buffer overflow in microprocessor mode. 
1 = Awrite occurred when a previous input word has 
not been read. 
Must be cleared in software. 
0 = No overflow has occurred. 
OBF: Output buffer full. 
1 = The output buffer still holds a previously written word. 
0 = Output buffer has been read. 
IBF: Input buffer full. 


1 = A word has been received and waiting to be read 
by the CPU. 
0 = No word has been received. 
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TABLE 5-9: PORTE FUNCTIONS ~ 


[Name | eit_| ButtertType _ 


TREORD ~~ ; STIL Input/output port pin, Read ‘input/output port pin, Read control input in parallel slaveport mode input in parallel slaveport mode 


RD 
REWV/WA bit ST/TTL 











1= Nota read operation 
0 = Read operation. The system reads the PICTECES/E4 
PORTD register (if chip selected) 


input/output port pin, Write control input in parallel slaveport mode 










1 = Not a write operation 
0 = Write operation. The system writes to the PIC16C65/64 
PORTD register (if chip selected) 


Input/output port pin, Chip select control input in Sareil6l slave 
port mode 
cs 
1 = Device is not selected 
O = Device is selected 











RE2/CS bit2 ST/TTL 


Legend: ST = Schmitt Trigger Input when configured for general purpose I/O, TTL = TTL input for Parallel Slave Port (PSP). 


TABLE 5-10: SUMMARY OF PORTE REGISTERS 


Register Name Se ees eee |__ Power-on Reset Value _| 
(PORTE —S TPORTEpinswhenreadtst—<“itsSC*”d pins when read ---- 
PORTE data latch when written | 
TRISE PORTE data direction control bits and | 0000 -111 . 
. PORTD mode control . 


Legend: x= unknown, -= unimplemented, read as a '0'. For reset values of registers in other reset situations refer to Table 13-8. 
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5.6 YO Programming Considerations 
5.6.1 BIDIRECTIONAL 1/0 PORTS 


Any instruction which writes, operates internally as a 
read followed by a write operation. The BCF and BSF 
instructions, for example, read the register into the 
CPU, execute the bit operation and write the result back 
to the register. Caution must be used when these 
instructions are applied to a port with both inputs and 
outputs defined. For example, a BSF operation on bit 5 
of PORTB will cause all eight bits of PORTB to be read 
into the CPU. Then the BSF operation takes place on bit 
5 and PORTB is written to the output latches. If another 
bit of PORTB is used as a bidirectional I/O pin (e.g., bit 
0) and it is defined as an input at this time, the input sig- 
nal present on the pin itself would be read into the CPU 
and rewritten to the data latch of this particular pin, 
overwriting the previous content. As long as the pin 
stays in the input mode, no problem occurs. However, if 
bit 0 is switched into output mode later on, the content 
of the data latch may now be unknown. 


Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the 
value to the PORT latch. When using read modify write 
instructions (ex. BCF, BSF, etc.) on a PORT, the value 
of the PORT pins is read, the desired operation is done 
to this value, and this value is then written to the PORT 
latch. 


Example 5-4 shows the effect of two sequential read 
modify write instructions (ex.BCF, BSF, etc.) on an I/O 
PORT. 


FIGURE 5-9: SUCCESSIVE I/O OPERATION 


" Q1| Q2] Q3] Q4' Q1] 2} Q3] Q4' a1 | Q2| Q3] Q4' QI} Q2| Qs} Q4' 


t 
' { ' 
4 
t 


Instruction 
“fetched | MOVWF PORTB 'MOVF PORTB,W 


write to 
RB<7:0> 
‘ Port pin 


MOVWF PORTB |MOVF PORTB,W 
write to NOP 
PORTB 


Instruction 
executed 


' 
1 
L) 
t 
1 


PC PC+3 


, sampled here 





EXAMPLE 5-4: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
VO PORT 


; Initial PORT settings: PORTB<7:4> Inputs 


: PORTB<3:0> Outputs 

; PORTB<7:6> have external pull-up and are not 
; connected to other circuitry 

} PORT latch PORT pins 


BCF PORTB, 7 ;O0lpp pppp 1lilpppppp 


BCF PORTB, 6 ;10pp pppp 1lilpppppp 

BSF STATUS,RPO 3 

BCF TRISB, 7 ;10pp pppp ilipppppp 

BCF TRISB, 6 ;10pp pppp 10pp pppp 
;Note that the user may have expected the pin 
;values to be O00pp pppp. The 2nd BCF caused 
;RB7 to be latched as the pin value (High). 


A pin actively outputting a Low or High should not be 
driven from external devices at the same time in order 
to change the level on this pin (“wired-or’, “wired-and’). 
The resulting high output currents may damage the 
chip. 


5.6.2 SUCCESSIVE OPERATIONS ON /O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 5-9). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
I/O port. The sequence of instructions should be such 
to allow the pin voltage to stabilize (load dependent) 
before the next instruction which causes that file to be 
read into the CPU is executed. Otherwise, the previous 
state of that pin may be read into the CPU rather than 
the new state. When in doubt, it is better to separate 
these instructions with a NOP or another instruction not 
accessing this I/O port. 


Note: 


This example shows a write to PORTB 
followed by a read from PORTB. 


Note that: 
NOP data setup time = (0.25 Tcy - TPb) 
where Tcy = instruction cycle. 
TPO = propagation delay 


Therefore, at higher clock frequencies, 
a write followed by a read may be problematic. 
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5.7 Parallel Slave Port — 


PORTD operates as an 8-bit wide parallel slave port, or 
microprocessor port when control bit PSPMODE 
(TRISE<4>) is set. In slave mode it is asynchronously 
readable and writable by the external world through 


RD control input (REO/RD) and WR control input — 


(RE1/WR). | 


It can directly interface to an 8-bit microprocessor data 
bus. The microprocessor can read or write the PORTD 
latch as an 8-bit latch. Setting PSPMODE enables the 
port pin REO to be the RD input, RE1 to be the WR input 
and RE2 to be the CS (chip select) input. For this func- 
tionality, the corresponding data direction bits of the 
TRISE register (TRISE<2:0>) must be configured as 
inputs (set). 


There are actually two 8-bit latches, one for data-out 
(from the PIC16/17) and one for data input. The user 
writes 8-bit data to PORTD data latch and reads data 
from the port pin latch (note that they have the same 
address). In this mode the TRISD register is ignored, 
since the microprocessor is controlling the direction of 
data flow. | 


Status flag IBF, Input Buffer Full (TRISE<7>), is set if a 
received word is waiting to be read by the CPU. Once 
the PORTD input latch is read by the PIC16C65/64, IBF 
is cleared. IBF is a read only status bit. Status flag OBF, 
Output Buffer Full (TRISE<6>), is set if a word written 
to PORTD latch is waiting to be read by the external 
bus. Once the PORTD output latch is read by the micro- 
processor, OBF is cleared. Status flag IBOV, Input 
Buffer Overflow (TRISE<5>), is set if a second word is 
written to the microprocessor port when the previous 
word has not been read by the CPU. It is a read/write 
bit and must be cleared by the CPU. 


When not in PSPMODE, IBF and OBF bits are held 
clear. However, if the IBOV flag was previously set, it 
must be cleared in the software. | 





An interrupt is generated and latched into control bit 
PSPIF (PIR1<7>) when a read or a write operation is 
completed. The PSPIF interrupt flag must be cleared 
by the CPU and the interrupt can be disabled by clear- 
ing the interrupt enable bit PSPIE (PIE1<7>). 


FIGURE 5-10: PORTD AND PORTE ASA 
PARALLEL SLAVE PORT 


Note: I/O pins have protection diodes to VDD and Vss . > 


TABLE 5-11: SUMMARY OF PARALLEL SLAVE PORT REGISTERS 











-Legend: x = unknown, - = unimplemented, read as a ‘0’. 


| RegisterName | Function | Address | Power-on Reset Value _| 





PORTD Parallel slave port 08h 
Read/Write Data 

PORTE Parallel slave port Read/Write/Chip Select 09h ---- -XXX 
signals 

TRISE Control bits for PORTE peripheral 


PIR1 Interrupt register (PSPIF bit) 
PIE1 Interrupt Enable register (PSPIE bit) 







XXXX XXXX 


0000 -111 | 
0000 0000 
0000 0000 


Note: For reset values of registers in other reset situations refer to Table 13-8. 
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TABLE 5-12: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT 


[Address | Name | Bit7 | Bite | Bits | sBita | Bits | Bit2 | Bitt | Bito | 
fe I cra cg caren erie 


SE eae = Trisk2 | TRISE1 | TRISEO. 
[eet PET eee 


Legend: —=unimplemented locations, read as a '0". 

Note: Shaded boxes are not used by Parallel Slave Port module. 

Note 1: These bits are not implemented on the PIC16C64. 
tThese bits are reserved on the PIC16C65. 
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NOTES: 


DS30234A-page 2-354 © 1995 Microchip Technology Inc. 


PIC16C6X 





6.0 OVERVIEW OF TIMER 
MODULES 


The PIC16C65 and PIC16C64 have three timer mod- 
ules. The PIC16C61 has one timer module. Each mod- 
ule can generate an interrupt to indicate that an event 
has occurred (i.e. timer overflow). Each of these mod- 
ules is explained in full detail in the following sections. 
The timer modules are: 


e TimerO (TMRO) module (see Section 7.0) 
e Timert (TMR1) module (see Section 8.0) 
e Timer2 (TMR2) module (see Section 9.0) 


For enhanced time-based functionality, two additional 
modules can be used with either of the TMR1 or TMR2 
modules. There are: 


e Capture/Compare/PWM1 (CCP 1) module (see 
Section 10.0) 


e Capture/Compare/PWM2 (CCP2) module (see 
Section 10.0) 


6.1 TimerO (TMRO) Overview 


The TMRO module (previously Known as RTCC) is a 
simple 8-bit overflow counter. The clock source can be 
either the internal system clock (OSC/4) or an external 
clock. When the clock source is an external clock, the 
TMRO module can be selected to increment on either 
the rising or falling edge. 


The TMRO module also has a programmable prescaler 
option. This prescaler can be assigned to either the 
TMRO module or the Watchdog timer. The PSA bit 
(OPTION<3>) assigns the prescaler, and the PS2 -PSO 
(OPTION<2:0>) determines the prescaler value. The 
TMRO can increment at the following rates: 1:1 (when 
prescaler assigned to Watchdog timer), 1:2, 1:4, 1:8, 
1:16, 1:32, 1:64, 1:128, 1:256. 


Synchronization of the external clock occurs after the 
prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device’s fre- 
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 


6.2 Timer1 (TMR1) Overview 


Timer1 (TMR1) is a 16-bit timer/counter. The clock 
source can be either the internal system clock (OSC/4), 
an external clock, or an external crystal. TMR1 can 
operate as either a timer or a counter. When operating 
as a counter (external clock source), the counter can 
either operate synchronized to the device or asynchro- 
nously to the device. Asynchronous operation allows 
TMR’1 to operate during sleep, which is useful for appli- 
cations that require a real time clock as well as the 
power savings of sleep mode. 


TMR1 also has a prescaler option which allows the 
TMR1 to increment at the following rates: 1:1, 1:2, 1:4, 
1:8. TMR1 can be used in conjunction with the Capture 
/ Compare / PWM (CCP1 or CCP2) module. When 
used with the CCP tor CCP2 module, TMR1 is the 
timebase for 16-bit capture or the 16-bit compare. 
When using the TMR1 module with the CCP1 or CCP2 
module, TMR1 must be synchronized to the device. 


6.3 Timer2 (TMR2) Overview 


Timer2 (TMR2) is an 8-bit timer. TMR2 has both a pro- 
grammable prescaler and postscaler, as well as an 8-bit 
period register (PR2). TMR2 can be used with the 
CCP1 module as well as the baud rate generator for the 
Synchronous Serial Port (SSP). The prescaler option 
which allows the TMR2 to increment at the following 
rates: 1:1, 1:4, 1:16. 


The postscaler allows TMR2 to match the period regis- 
ter (PR2) a programmable number of times before gen- 
erating an_ interrupt. The postscaler can be 
programmed from 1:1 to 1:16 (inclusive). 


6.4 CCP1 and CCP2 Overview 


The CCP modules can operate in one of these three 
modes: 16-bit capture, 16-bit compare, or up to 10-bit 
Pulse Width Modulation (PWM). 


Capture mode, captures the 16-bit value of TMR1 into 
the CCPRxH:CCPRxL register pair. The capture event 
can be programmed for either the falling edge, rising 
edge, fourth rising edge, or the sixteenth rising edge of 
the CCPx pin. 


Compare mode, compares the TMR1H:TMR1L register 
pair to the CCPRxH:CCPRxL register pair. When a 
match occurs an interrupt can be generated, and the 
output pin CCP1 can be forced to given state (High or 
Low) and TMR1 can be reset (CCP1). This depends on 
the control bits CCPxM3 - CCPxMOo. 


PWM mode, compares TMR2 to a 10-bit duty cycle reg- 
ister as well as to an 8-bit period register (PR2). When 
the TMR2 = PR2, TMR2 is cleared to OOh, an interrupt 
can be generated, and the CCPx pin (if an output) will 
be forced high. When the TMR2 = Duty Cycle register, 
the CCPx pin will be forced low. 
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7.0 TIMERO(TMRO) MODULE 


The TMRO module timer/counter has the following fea- 
tures: 

e 8-bit timer/counter 

e Readable and writable 

¢ 8-bit software programmable prescaler 

e Internal or external clock select 

e Interrupt on overflow from FFh to 00h 

e Edge select for external clock 


Figure 7-1 is a simplified block diagram of the TMRO 
module. 


Timer mode is selected by clearing the TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, the increment is inhibited for the fol- 
lowing two cycles (see Figure 7-2 and Figure 7-3). The 
user can work around this by writing an adjusted value 
to the TMRO module. 


Counter mode is selected by setting the TOCS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by the TO source 
edge (TOSE) control bit (OPTION<4>). Clearing the 


} 
) 


FIGURE 7-1: 


Programmable 


Prescaler 


PS2, PS1, PSO 
TOCS 


TIMERO (TMRO) BLOCK DIAGRAM 


TOSE bit selects the rising edge. Restrictions on the 
external clock input are discussed in detail in 
Section 7.2. 


The prescaler is shared between the TMRO module 
and the watchdog timer. The prescaler assignment is 
controlled in software by the control bit PSA 
(OPTION<3>). Clearing the PSA bit will assign the 
prescaler to TMRO. The prescaler is not readable or 
writable. When the prescaler is assigned to the TMRO 
module, prescale value of 1:2, 1:4, ..., 1:256 are select- 
able. Section 7.3 details the operation of the prescaler. 


7.1 TIMERO (TMROQ) interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to OOh. This overflow 
sets the TOIF bit. The interrupt can be masked by clear- 
ing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the 
TMRO module interrupt service routine before re- 
enabling this interrupt. The TMRO module interrupt 
cannot wake the processor from SLEEP since the timer 
is shut off during SLEEP. See Figure 7-4 for TMRO 
interrupt timing. 


Data bus 


Syne with 
Internal 
clocks 


(2 cycle delay) 


Set TOIF 


PSA Interrupt on 


Overflow 


Note 1: Bits, TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register. 
Note 2: The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram) 


FIGURE 7-2: 





TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 
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t i] 

a eee 

' ReadTMRO | ReadTMRO | ReadTMRO | Read TMRO 
reads NTO reads NTO reads NTO + 1 reads NTO +2 





© 1995 Microchip Technology Inc. 


DS30234A-page 2-357 








PIC16C6X 








FIGURE 7-3: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1:2 
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Program ' 


Counter) Pe (Po a 7s 


instruction | MOVWETMRO | MOVE TMRO,W ! MOVE TMRO.W ‘ MOVE TMRO,.W ‘MOVF TMRO,W ' MOVF TMRO,W 
Fetch ry ' s ' t t 


TMRO Tor. 
| | as es ' 
Instruction 


Execute ; : WriteTMRO , ReadTMRO , Read TMRO Read TMRO Read TMRO Read. TMRO 
executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1 


FIGURE 7-4: TIMERO (TMRO) INTERRUPT TIMING 
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TOIF bit 
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INSTRUCTION ow 
PC EE cD FS oF 7 0005h 


_ Instruction 


fetched | Inst (PC) 


Inst (PC+1) Inst (0004h) Inst (0005h) 


Inst (PC-1) 


Inst (PC) Dummy cycle, Dummy cycle Inst (0004h) 


Instruction 
executed 


Note 1: TOIF interrupt flag is sampled here (every Q1). 
2: Interrupt latency = 4Tcy where Tcy = instruction cycle time. 
3: CLKOUT is available only in RC oscillator mode. 
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7.2 Using TMRO with External Clock 


When an external clock input is used for TMRO, it must 
meet certain requirements. The external clock require- 
ment is due to internal phase clock (Tosc) synchroniza- 
tion. Also, there is a delay in the actual incrementing of 
TMRO after synchronization. 


7.2.1. EXTERNAL CLOCK SYNCHRONIZATION 


When no prescaler is used, the external clock input is 
the same as the prescaler output. The synchronization 
of TOCKI with the internal phase clocks is accom- 
plished by sampling the prescaler output on the Q2 and 
Q4 cycles of the internal phase clocks (see Figure 7-5). 
Therefore, it is necessary for TOCKI to be high for at 
least 2Tosc (and a small RC delay of 20ns) and low for 
at least 2Tosc (and a small RC delay of 20ns). Refer to 
the electrical specification of the desired device. 


When a prescaler is used, the external clock input is 
divided by the asynchronous ripple counter-type pres- 
caler so that the prescaler output is symmetrical. For 
the external clock to meet the sampling requirement, 
the ripple counter must be taken into account. There- 
fore, it is necessary for TOCKI to have a period of at 
least 4 Tosc (and a small RC delay of 40ns) divided by 
the prescaler value. The only requirement on TOCKI 
high and low time is that they do not violate the mini- 
mum pulse width requirement of 10ns. Refer to param- 
eters 40, 41 and 42 in the electrical specification of the 
desired device. 


7.2.2 |©TMRO INCREMENT DELAY 


Since the prescaler output is synchronized with the 
internal clocks, there is a small delay from the time the 
external clock edge occurs to the time the TMRO mod- 
ule is actually incremented. Figure 7-5 shows the delay 
from the external clock edge to the timer incrementing. 


7.3 Prescaler 


An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
Timer, respectively (see Figure 7-6). For simplicity, this 
counter is being referred to as “prescaler’ throughout 
this data sheet. Note that there is only one prescaler 
available which is mutually exclusive between the 
TMRO module and the Watchdog Timer. Thus, a pres- 
caler assignment for the TMRO module means that 
there is no prescaler for the Watchdog Timer, and vice- 
versa. 


The PSA and PS2-PS0 bits (OPTION<3:0>) determine 
the prescaler assignment and prescale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (¢.g.CLRF 1, MOVWF 1, 
BSF 1,x ....etc.) will clear the prescaler. When 
assigned to WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. The pres- 
caler is not readable or writable. 





© 1995 Microchip Technology Inc. 


DS30234A-page 2-359 








PIC16C6X 


FIGURE 7-5: TIMEROTIMING WITH EXTERNAL CLOCK 








Qi] Q2! Q31 Q4 | Q1/ Q2I 3! Q4 | Q1! Q2! Q3I Q4 | Q1I Q2! Q31Q4 
| | Small pulse 
misses sampling 





EXT CLOCK INPUT OR 
PRESCALER OUT (NOTE 2) LA\\\\\ 





EXT CLOCK/PRESCALER 


OUTPUT AFTER SAMPLING (note 3) 


_ INCREMENT TMRO (4). 


Notes: 
1. Delay from clock input change to TMRO increment is 3 tosc to 7 tosc. (Duration of Q = tosc). _ 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 tosc max. 


2. External clock if no prescaler selected, Prescaler output otherwise. 
' 3. The arrows indicate the points in time where sampling occurs. 


FIGURE 7-6: _ BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 
CLKOUT (=Fosc/4) —— | Data Bus" 


8. 
sync | 
2 TMRO 
Cycles = 


Set TOIF 
Interrupt 
on Overflow 


8-to - 1IMUX , 


WDT Enable bit 


WDT 
Time-out 


Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 





DS30234A-page 2-360 © 1995 Microchip Technology Inc. 


PIC16C6X 





7.3.1 SWITCHING PRESCALER ASSIGNMENT To change prescaler from the WDT to the TMRO mod- 
ule use the sequence shown in Example 7-2. This pre- 
The prescaler assignment is fully under software con- caution must be taken even if the WDT is disabled. 
trol, i.e., it can be changed “on the fly’ during program 
execution. To avoid an unintended device RESET, the EXAMPLE 7-2: CHANGING PRESCALER 
following instruction sequence (shown in Example 7-1) : (WDT->TMRO) 
must be executed when changing the prescaler assign- eeeoe A eae 
ment from TMRO to WDT. tere as 
sprescaler 
BSF STATUS, RPO 
EXAMPLE 7-1: CHANGING PRESCALER MOVLW B'xxxx0xxx' ;Select TMRO, new 
(TMRO-WDT) :prescale value and 
BCF STATUS, RPO ;Bank 0 ;clock source 
CLRF  TMRO ;Clear TMRO & Prescaler MOVWF = =OPTION 
BSF STATUS, RPO ;Bank 1 BCF STATUS, RPO 
CLRWDT ;Clears WDT 
MOVLW B'!xxxx1xxx' ;Select new prescaler 
MOVWF OPTION ;value 
BCF STATUS, RPO ;Bank 0 


TABLE 7-1: © SUMMARY OF TMRO REGISTERS 


RegisterName | __Function _'|_Address_| _Power-on Reset Value 
TMRO Timer/counter register 


ment bits for TMRO. See Figure 7-5. 
mask bits. See Figure 7-6 
Legend: x = unknown, - = unimplemented, reads as a '0'. 
Note: For reset values of registers in other reset situations refer to Table 13-8. 


TABLE 7-2: REGISTERS ASSOCIATED WITH TMRO 


Address [Name | bi? | one | eis | ena | ena | one | oni 
TMRO 
runo [Tao oes 


Legend: — = Unimplemented locations, Read as ‘0’ 
Note: Shaded boxes are not used by TMRO module 
Note 1: This bit is not available in the PIC16C61 
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8.0 TIMER1 (TMR1) MODULE 


TMR1 is a 16-bit timer/counter consisting of two 8-bit 
registers (TMR1H and TMR1L) which are readable and 
writable. TMR1 increments from 0000h to FFFFh and 
rolls over to OOOOh. The TMR1 Interrupt, if enabled, is 
generated on overflow which is latched in interrupt flag 
bit TMR1IF (PIR1<0>). This interrupt can be enabled or 
disabled using the TMR1 interrupt enable bit TMR1IE 
(PIE1<0O>). 


TMR1 can operate in one of two modes: 
°e Asatimer 
e As acounter 


This is determined by the clock select bit, TMR1CS 
(TICON<1>). 


In timer mode, TMR1 increments every instruction 
cycle. In counter mode, it increments on every rising 
edge of the external clock input = on 
RCO/T1OSO/T1CKI. 


TMR1 can be turned on or off using the control bit 
TMRION (T1CON<O>). 


FIGURE 8-1: T1CON:TIMER CONTROL REGISTER 


U 


bit7 


U RW R/W R/AW R/wW RAW 
P| =| T1ICKPS1 | T 1CKPSO] T1OSCEN | TISYNG! TMR1CS|] TMRiON| | Register: TICON | W:  Writable 
Address: 10h : Readable 


TMR’1 also has an internal “reset input’. This reset can 
be generated by CCP1 or CCP2 (Capture/com- 
pare/PWM) module. See Section 10.0 for details. 
Figure 8-1 shows the Timer1 control register. 


When the TMR1 oscillator is enabled (T1OSCEN is 
set), the RC1/T1OSI/CCP2 pin on the PIC16C65 or the 
RCO/T10SI/T1CKI pin on the PIC16C64, becomes an 
input. That is, the TRISC<1> value is ignored. The 
RCO/T1OSO/TICKI pin on the PIC16C65 or the 
RC1/T10SO pin on the PIC16C64 should normally be 
configured as an input (for external clock). However, 
this pin can be configured as an output if self-clocking 
(through the output pin) is desired. 


R/W 


Unimplemented, 


bitO POR value: 00h feadas 0’ 


TMRI1ON: Timer1 on bit. 


1 = Enables timert1 
0 = Stops timer 


TMR1CS: Timer1 clock select. 
1 = Extemal clock (RCO/TCKI pin) (rising edge) 
0 = Intemal clock (OSC/4) 


TISYNC: Timeri extemal clock input 
synchronization control. 
When TMRI1CS = 1 (Timer1 uses an external clock) 


1 = Do not synchronize external clock input 
0 = Synchronize extemal clock input 


When TMR1CS = 0 (Timer1 uses the internal clock). 
This bit is ignored. 


TIOSCEN:Timert oscillator enable/disable. 


1 = Oscillator is enabled 

0 = Oscillator shut off. The oscillator inverter and 
feedback resistor are turned off to eliminate 
power drain. 


T1CKPS<1:0>: Timer1 input clock prescale select. 


11 = Prescale value = 8 
10 = Prescale value = 4 
01 = Prescale value = 2 


00 = Prescale value = 1 


Unimplemented. 
read as '0' 
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8.1. TMR1 Operation in Timer Mode 


Timer mode is selected by clearing the TMR1CS 
(TICON<1>)-bit. In this mode, the input clock to the 
timer is OSC/4. The synchronize control bit T1INSYNC 
(11 CON<2>) has no effect since the internal clock is 
always in sync. . 

8.2 TMR1 Operation in Synchronized — 
Counter Mode | 


Counter mode is selected by setting the TMR1CS bit. 
In this mode the timer increments on every rising edge 
of clock input on pin RC1/T1OSI/CCP2 (when 
T1OSCEN is set) or the RCO/T1OSO/T1CKI. 


lf T1SYNC is cleared, then the external clock input is 
synchronized with internal phase clocks. The synchro- 
nization is done after the prescaler stage. The pres- 
caler stage is an asynchronous ripple counter. 


In this configuration, during SLEEP mode, TMR1 will 
not increment even if external clock is present, since 
the synchronization circuit is shut off. The prescaler 
however will continue to increment. 





FIGURE 8-2: TMR1 BLOCK DIAGRAM 


TMRI1IF 
~ Overflow 


PIC16C64 PICI6CES | 
RC1/ ACO) ie 
T10SO/_ = T1OSO/ 
. TICK 


TIOSCEN OSC/4 


RCO/ RC1/ Enable Internal 
Oscillatort Clock 
boy 


T1OSV ——- T1OSI/ 
TICK! = = CCP2 


interrupt LY TwAtH | TMRIL -}—{ | 


TMR10N 


TMRICS T1CKPS<1:0> 


8.2.1 EXTERNAL CLOCK INPUT TIMING FOR - 
SYNCHRONIZED COUNTER MODE 


When an external clock input is used for TMRi in syn- 
chronized counter mode, it must meet certain require- 
ments. The external clock requirement is due to 
internal phase clock (Tosc) synchronization. Also, there 
is a delay in the actual incrementing of TMRO Aner ayn 
chronization. : | 


When the prescaler is 1:1, the external clock input is 


- the same as the prescaler output. The synchronization 


of T1CKI with the internal phase clocks is accom- 
plished by sampling the prescaler output on the Q2 and 
Q4 cycles of the internal phase clocks. Therefore, it is 
necessary for T1CKI to be high for at least 2Tosc (and 
a small RC delay of 20ns) and low for at least 2Tosc 
(and a small RC delay of 20ns). Refer to Figure 16-5, 
Figure 18-5 and Figure 20-5, parameters 45 and 46. 


When a prescaler other than 1:1 is used, the external 
clock input is divided by the asynchronous ripple 
counter-type prescaler so that the prescaler output is 
symmetrical. In order for the external clock to meet the 
sampling requirement, the ripple counter must be taken 


*. into account. Therefore, it is necessary for T1CKI to 


have a period of at least 4Tosc (and a small RC delay 
of 40ns) divided by the prescaler value. The only 
requirement on T1CKI high and low time is that they do 
not violate the minimum pulse width requirements of 
10ns). Refer to Figure 16-5 and Figure 18-5, parame- 


ters 45, 46, and 47. 


Synchronized 


TIINSYNC 


Prescaler Synchronize 
1,2, 4,8 _fadet 


Sleep input 


t When the T1 OSCEN bit is. cleared, the inverter and feedback resistor are turned off. This eliminates power drain. 
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8.3 TMR1 ration in Asynchron 
Counter Mode 


If the control bit T1SYNC is set, the external clock input 
is not synchronized. The timer continues to increment 
asynchronous to the internal phase clocks. The timer 
will continue to run during SLEEP and generate an 
interrupt on overflow which will wake up the processor. 
However, special precautions in software are needed 
to read/write the timer (See Section 8.3.2). 


In asynchronous counter mode, Timer1 can not be 
used as timebase for capture or compare operations. 


8.3.1 EXTERNAL CLOCK INPUT TIMING WITH 
UNSYNCHRONIZED CLOCK 


If TISYNC is set, the timer will increment completely 
asynchronously. The input clock must meet a certain 
minimum high time and low time requirements, as 
specified in timing parameter. 


8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 


Reading TMR1H or TMRI1L while the timer is running 
from an external asynchronous clock will guarantee a 
valid read (taken care of in hardware). However, the 
user should keep in mind that reading the 16-bit timer 
in two 8-bit values itself poses certain problems since 
the timer may overflow between the reads. 


For writes, it is recommended that the user simply stop 
the timer and write the desired values. A write conten- 
tion may occur by writing to the timer registers while the 
register is incrementing. This may produce an unpre- 
dictable value in the timer register. 


Reading the 16-bit value requires some care. 
Example 8-1 is an example routine to read the 16-bit 
timer value. This is useful if the timer cannot be 
stopped. 


EXAMPLE 8-1: READING A 16-BIT 
FREE-RUNNING TIMER 
; All Interrupts are disabled 
MOVF TMR1H, W ;Read high byte 
MOVWF TMPH : 
MOVF TMR1L, W ;Read low byte 
MOVWF TMPL 
MOVF TMR1H, W 
SUBWF TMPH, W 


;Read high byte 
;Sub lst read 
swith 2nd read 
sis result = 0 
:Good 16-bit read 


BTFSC STATUS,Z 
GOTO CONTINUE 


TMR1iL may have rolled over between the read 
of the high and low bytes. Reading the high 
and low bytes now will read a good value. 


se Ne Ne Ne Ne 


MOVF TMR1H, W 
MOVWF TMPH 
MOVF TMR1IL, W 
MOVWF TMPL E 
: Re-enable Interrupt (if required) 
CONTINUE ;Continue with 
: ;your code 


;Read high byte 


;Read low byte 


8.4 Timer1 Oscillator 


A crystal oscillator circuit is built in between T1OSI pin 
(input) and T10SO (amplifier output). It is enabled by 
setting control bit T1IOSCEN (T1CON<3>). The oscilla- 
tor is a low power oscillator rated up to 200KHZz. It will 
continue to run during SLEEP. It is primarily intended 
for a 32KHz crystal. Table 8-1 shows the capacitor 
selection for the Timer1 oscillator. 


The Timer oscillator is identical to the LP oscillator. 


The user must allow software time-out to ensure proper 
oscillator start-up. 


CAPACITOR SELECTION 
FOR THE TIMER1 
OSCILLATOR 


|OscType | Freq | ci | 2 


LP 32 KHz§ 15 pF 15 pF 
100 KHz 15 pF 15 pF 
200 KHz 0O-15pF | 0-15pF 


Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. 

§For VDD > 4.5V, C1= C2 = 30pf is recommended. 


TABLE 8-1: 














© 1995 Microchip Technology Inc. 


DS30234A-page 2-365 





PIC16C6X 








8.5 Resetting Timer1 using a CCP Trigger 
Output - 


lf CCP1 or CCP2 module is configured in compare 
mode to generate a “special event’ trigger 
(CCP1M<3:0> = 1011), this signal will reset timer1. 


Timeri must be configured for timer or synchronized 
counter mode operation to take advantage of this fea- 
ture. If the Timer1 is running in asynchronous counter 
mode, this reset operation may not work. 


In the event that a write to Timer1 coincides with a reset 
trigger from CCP1 or CCP2, the write will take prece- 
dence. 


In this mode of operation, the CCPRxH:CCPRXL regis- 
ters pair effectively becomes the period register for the 
timer. 


TABLE 8-2: 





ificant Byte 


imer1 Most Significant Byte 


| — | TickPst 


Legend: — = Unimplemented locations, Read as '0' 

Note: Shaded boxes are not used by Timer1 module. 

Note 1: These bits are not implemented on the PIC16C64. 
Tt These bits are reserved on the PIC16C65. 


T1ICKPSO} TIOSCEN } TIINSYNC | TMR1CS 


8.6 Resetting of Timer1 Registers 
TMR1H and TMR1L registers are not reset on POR or 


“any other reset except by the CCP1 special reset trig- 
ger. | 


T1CON register is reset to 00h on Power-on Reset. In 
any other reset, the register is unaffected. 


8.7  TMR1 Prescaler 


The prescaler counter is cleared on writes to the 
TMR1H or TMR1L registers © oe 


REGISTERS ASSOCIATED WITH TMR1 AS A TIMER/COUNTER 
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9.0 TIMER2 (TMR2) MODULE 


Timer2 is an 8-bit timer with a prescaler and a 
postscaler. It is especially suitable as PWM time-base 
(tor PWM mode of CCP modules). TMR2 is a readable 


and writable register, and is cleared on any device 


reset. 


The input clock (OSC/4) has a prescale option of 1, 4 or 
16 (selected by control bits T2ZCKPS1, T2CKPSO, of 
register T2CON). 


Timer2 has an 8-bit period register PR2. Timer2 incre- 
ments from OOh until it matches PR2 and then resets to 
00h on the next increment cycle. PR2 is a readable and 
writable register. The PR2 register is set to all 1s during 
a reset. 


The overflow (or match) output of TMR2 goes through 
a 4-bit postscaler (which gives a 1:1 to 1:16 scaling) to 
generate a Timer2 interrupt (latched in TMR2IF bit, 
PIR<1>). 


TMR2 can be shut off using TMR2ON (T2CON<2>) 
control bit to minimize power consumption. 


Figure 9-2 shows the TMR2 control register. 


9.1 TMR2 Prescaler and Post ler 


The prescaler and postscaler counters are cleared 
when any of the following occurs: a write to the TMR2 
register, a write to the T2CON register, or any device 
reset (Power-on Reset, MCLR reset, or Watchdog 
Timer reset). TMR2 will not clear when T2CON is writ- 
ten, only fora WDT, POR, and MCLR reset. 


9.2 Output of TMR2 


The output of TMR2 (before the postscaler) is fed to the 
synchronous serial port module which optionally uses it 
to generate shift clock. 


FIGURE 9-1: TIMER2 BLOCK DIAGRAM 


Timer2 TMR2 
interrupt | output 


Reset Prescaler 
1,4, 16 
Postscale 
1:1 1:16 


TMRa2iF 


“ TMR2 output can be software selected by the SSP 
module as baud clock. 





FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER 


Register: T2CON| W: Writable 
— |{TOUTPS3ITOUTPS2|TOUTPS1 JTOUTPSO| TMR2ON |T2CKPS1|T2CKPSO] | Address: 12h|R: Readable 
POR value: OOh/U: Unimplemented, read as ‘0’ 





T2CKPS<1:0>: Timer2 clock prescaler select. 
00 = Prescaler is 1 

01 = Prescaler is 4 

1x = Prescaler is 16 

TMR2ON: Timer2 on/off control. 

1 = TMR2 is on 

0 = TMR? is off 

TOUTPS<3:0>: Timer2 output postscale select 


0000 = Postscaler is 1 
0001 = Postscaler is 2 


1111 = Postscaler is 16 


Unimplemented. 
Read as '0' 
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TABLE 9-1: | REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER | 7 


es ee ee ee es Dee 








[—oBn[INTCON| “Gie_| PELE | UTOIETTT 
OCh PIR1 


PSE] foie’ | wet | SSHE | CcPHE [rarer | HE : 


TMR2_ ‘| Timer2 
an |ra0on OO TORE TORT | TO [TRON TT [TS 
Sn 









<_< Timer2 period Register. 


Legend: = Unimplemented locations, read as '0' 

Note: Shaded boxes are not used by Timer2 module. 

Note 1: These bits are not implemented on the PIC16C64. 
t These bits are reserved on the PIC16C65. | 
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10.0 CAPTURE/COMPARE/PWM 
MODULE 


The PIC16C6X has two Capture/Compare/PWM (CCP) 
modules consisting of a 16-bit register which can oper- 
ate as a 16-bit capture register, as a 16-bit compare 
register or as a PWM output. (Both the CCP1 and 
CCP2 modules are identical in operation, with the 
exception of the special trigger.) In the following sec- 
tions, the operation of a CCP module is described with 
respect to CCP1. Please note that CCP2 is similar to 
CCP1, except where noted. 


CCP1 module: 


Capture/compare/PWM register1 (CCPR1) is made up 
of two 8-bit sections: low byte, CCPR1L and high byte, 
CCPR1H. Both are readable and writable. 


CCP2 module: 


Capture/compare/PWM register2 (CCPR2) is made up 
of two 8-bit sections: low byte, CCPR2L and high byte, 
CCPR2H. Both are readable and writable. The interac- 
tion of multiple CCP modules is discussed in applica- 
tion note AN594. 


FIGURE 10-1: CCP1CON/CCP2CON REGISTER 


bit7 








10.1. Capture Mode 


In Capture mode, CCPRiH:CCPRI1L captures the 
16-bit value of TMR1 when an event occurs on pin 
RC2/CCP1. An event is defined as: 


1. A falling edge 

2. Arising edge 

3. Every 4 rising edges 
4. Every 16 rising edges 


One of these is selected by the control bits 
CCP1M <3:0> in register CCP1CON. When a capture 
is made the interrupt request flag, CCP1IF bit 
(PIR1<2>) is set. It must be reset in software. If 
another capture occurs before the value in register 
CCPR_1 is read, the old captured value will be lost. In 
capture mode, the RC2/CCP1 pin should be configured 
as an input through its corresponding TRIS bit. 







When the capture mode is changed, a false capture 
interrupt may be generated. The user should keep 
CCP1IE clear to avoid false interrupts and should clear 
the CCP1IF bit following any such change in operating 
mode. 


Register: CCP1CON|W:  Writable 


U U R/W R/W R/W R/W R/W R/W 
CCPxX | CCPxY | CCPxM3 | CCPxM2 P Address: 17h |R: Readable 
: Address: 1Dh 
eno POR value: 00h 


CCPxM <3:0>: CCPX mode select. 

0000 = Capture/compare/PWM off 
(Resets CCPX module) 

0100 = Capture mode, every falling edge 

0101 = Capture mode, every rising edge 

0110 = Capture mode, every 4th rising edge 

0111 = Capture mode, every 16th rising edge 

1000 = Compare mode, set output on match 
(CCPXxIF bit is set) 

1001 = Compare mode, clear output on match 
(CCPxIF bit is set) 

1010 = Compare mode, generate software 
interrupt on match (CCPXIF bit is set). 
CCPX pin is unaffected 

1011 = Compare mode, trigger special event 
- CCP1 resets TMR1 
- CCP2 resets TMR1 


11XX = PWM mode 


CCPxX:CCPxyY: Two low order bits. 


Capture mode Unused 

Compare mode Unused 

P Write the two low order bits in high 
resolution (10-bit) mode. May be kept constant (at '0') 
if only 8-bit resolution (in standard resolution mode) is 
desired. 


Unimplemented, read as ‘0’. 
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10.1.1 PRESCALER 


There are four prescaler settings, specified by the 
CCP1M3-CCP1MO bits. Whenever the CCP module is 
turned off, or the CCP module is not in capture mode, 
the prescaler counter is cleared. This means that any 
reset will clear the prescaler counter. 


Switching from one capture prescaler to another may 
generate an interrupt. Aiso, the prescaler counter will 
not be cleared, and therefore the first capture may be 
from a non-zero prescaler. Example 10-1 shows the 
recommended way to switch between capture prescal- 
ers. This example also clears the prescaler counter and 
will not generate the “false” interrupt. 


EXAMPLE 10-1: CHANGING BETWEEN 
CAPTURE PRESCALERS 


CLRF CCPLICON © ; Turn CCP module off 
MOVLW NEW_CAPT_PS ; Load the W reg with 

; the new prescaler 
mode value and CCP ON 
Load CCP1CON with 
this value 


10.1.2 TMR1 MODE SELECTION 


MOVWF CCP1CON 


se ~e ~e 


TMR1 must be running in timer mode or synchronized 
counter mode for the CCP1 modules to use the capture 
feature. In asynchronous counter mode the capture 
operation may not work. 


FIGURE 10-2: CAPTURE MODE 
OPERATION BLOCK 
DIAGRAM 


Set CCPxIF 
PIR<2> 


" 
TMR1H TMRIL 


Q's CCPCONx<3:0> 








10.2 Compare Mode 


In compare mode, the 16-bit CCPR1 register value is 
constantly compared against the TMR1. When a match 
occurs, the RC2/CCP1 pin is: 

¢ Driven High 

e Driven Low 

e Remains Unchanged 


The action on the pin is based on the control bits 
CCP1M <3:0> in register CCP1CON. At the same 
time, a compare interrupt is also generated. The user 
must set the RC2/CCP1 pin as an output through the 
TRISC<2> bit. 





10.2.1. TIMER1 MODE SELECTION 


Timer1 must be running in timer mode or synchronized 
counter mode if the CCP1 module is using the compare 
feature. In asynchronous counter mode, the compare 
operation may not work. 


10.2.2 SOFTWARE INTERRUPT MODE 


Another compare mode is software interrupt mode in 
which the CCP 1 pin is not affected. Only CCP1IF inter- 
rupt is generated. 


10.23 SPECIAL TRIGGER 


In this mode, an internal hardware trigger is generated 
which may be used to initiate an action. 


The special trigger output of CCP1 and CCP2 resets 
the TMR1. This allows the CCPR1 and CCPR2 regis- 
ters to effectively be 16-bit programmable period regis- 
ters for Timer. 


For compatability issues, the special trigger output of 
CCP2 on PIC16C7X devices also starts an A/D conver- 
sion. 


FIGURE 10-3: COMPARE MODE OPERATION 
BLOCK DIAGRAM 


Special event ¢ 


Set CCPxIiF 
PIR<2> 


ig! 
if 


RCy/CCPx 


TRISC<y> CCPxCON<3:0> 
Output Enable Mode Select 


t For CCP1 (if enabled), reset Timer1. 
For CCP2 (If enabled), reset Timer 
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10.3. PWM Mode 


In| Pulse Width Modulation (PWM) mode, the 
RC2/CCP1 produces up to 10-bit resolution PWM out- 
put. This pin must be configured as an output through 
the TRISC<2> bit. The pin is multiplexed with the data 
latch. In PWM mode, the user writes the 8-bit 
duty-cycle value to the low byte of the CCPR1 register, 
namely CCPR1L. The high-byte, CCPR1H is used as 
the slave buffer to the low byte. The 8-bit data is trans- 
ferred from the master to the slave when the PWM1 
output is set (i.e. at the beginning of the duty cycle). 
This double buffering is essential for glitchless PWM 
output. In PWM mode, CCPR1H is readable but not 
writable. The period of the PWM is determined by the 
Timer2 period register (PR2). 


PWM period is = 

[(PR2) + 1] ° 4 Tosc * (TMR2 prescale value) 
PWM duty cycle = 

(DC1) e Tosc * (TMR2 prescale value) 


where DC1 = 10 bit value from CCPRxL and CCPx- 
CON<5:4> concantenated. 


The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. 





FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 


CCPxCON<5:4> 


Duty cycle registers 
CCPRxL 
CCPRxH (Slave) | 


uy} 


TMR2 (Note 1) 


Clear Timer, 
aps CCPx pin and 
latch D.C. 


Note: 8-bit timer is concatenated with 2-bit intemal Q clock 
or 2 bits of the prescaler to create 10-bit time base. 





TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT 20 MHZ 
(High 


Resolution TMR2 TMR2 TMR2 
Prescale=1 | Prescale=4 | Prescale=16 
Mode) 


[abit __[78.13KHz | 19.53 KHz [4.68 KHz 















Max 
Resolution 







TABLE 10-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHZ 













Resolution (High-resolution 


3 
) 
a. 
2 





|___-PWM Frequency __| 1.22 KHz | 4.88 KHz | 19.53 KHz | 78.12 KHz| 156.9 KHz | 208.3 KHz 








10-bit 10-bit 10-bit oe ee | 6.5-bit 
Resolution (Standard-resolution 
mode)tT 

















t Standard resolution mode has the CCPIX:CCPIY bit constant (or ‘0’), and only compares the TMR2 against the 


PR2. The Q-cycles are not used. 
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TABLE 10-3: REGISTERS ASSOCIATED WITH TIMER1 AND CAPTURE 


[Address [Name | Bit7 | Bite | Bits | Bit4 
0B |INTCON | GIE | PEIE | 
oc [PIRt 


| 8c |PIEA CCPIIE TMRiIE 
an mr rr— | coPaie 
| OE |TMRIL | Timer1 Least Significant Byte 
[10 [TOON [EE [TioKPst | T10KPS0 | TIOSCEN | TISYNC | TMATCS [ TMRION 
[15 [CCPRIL | Timert Capture Register(Sb) SS CSC“~*s*s~‘~*~*~SC~*” 
[46 [COPRIH | Timert Capture Register (MSS)_—SSCS~—S 


Legend: -— = Unimplemented locations, Read as '0’ 
















































Note: Shaded boxes are not used in this mode. 


Note 1: The bits or registers are not implemented on the PIC16C64. 
t These bits are reserved on the PIC16C65. 


TABLE 10-4: REGISTERS ASSOCIATED WITH TIMER' AND COMPARE 


|Address_|Name | Bit7 | Bité | Bits | Bits | sits | Bitz | pitt 









































PIR2 
PIE1 





[00 
[30 
[08 [Tari 
[oF [TM 


PIE2 

















CCPRiL | Timert Capture Register (LSb) : 
CCPRI1H | Timer1 Capture Register (MSb) 


| CCPR2L' | Timer1 Capture Register (LSb) 


Timeri Capture Register (MSb) 


CCPiCON 
















CCPR2H! 
CCP2CON' 












Legend: — = Unimplemented locations, Read as '0' 
Note: Shaded boxes are not used in this mode. 


Note 1: The bits or registers are not implemented on the PIC16C64. 
t+ These bits are reserved on the PIC16C65. 
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TABLE 10-5: REGISTERS ASSOCIATED WITH TIMER2 AND PWM 


[Address [Name | Bit7 | Bité | Bits _| Bits | 


Jn 0 tl AEE no} o & sent 



























De ee 
= ase = er err ner 
in is i 7 Fanti he aotete! 






[92 [PR2___| Timer period Ragiter——SSOSSCS—SCSC“S 
[18 [CGPRIL | Timor2 Duty Cycle Register SSCS 
[16 [CGPRT | Timer2 Duty Cycle Register Glave) SS 
[17 ecr1con 


| 1B CCPR2L' | Timer2 Duty Cycle Register 


Legend: — = Unimplemented locations, Read as ‘0’ 











Note: Shaded boxes are not used in this mode. 


Note 1: The bits or registers are not implemented on the PIC16C64. 
t These bits are reserved on the PIC16C65. 
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NOTES: 
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11.0 SYNCHRONOUS SERIAL 
PORT (SSP) MODULE 


The Synchronous Serial Port (SSP) module is a serial 
interface useful for communicating with other periph- 
eral or microcontroller devices. These peripheral 
devices may be Serial EEPROMs, shift registers, dis- 
play drivers, A/D converters, etc. The SSP module can 
operate in one of two modes: 


e Serial Peripheral Interface (SPI) 
e Inter-Integrated Circuit (I2C) 


FIGURE 11-1: SSPSTAT: SYNCHRONOUS SERIAL PORT STATUS REGISTER 


Register: SSPSTAT | W: Writable bit 
Address: R: Readable bit 
POR value: U: Unimplemented, read as ‘0’ 


BF: Buffer full 

Receive (SPI and 2c modes) 

1 = Receive complete, SSPBUF is full 

0 = Receive not complete, SSPBUF is empty 


Transmit (°C mode only) 


1 = Transmit in progress, SSPBUF is full 
0 = Transmit complete, SSPBUF is empty 


UA: Update Address (10-bit IC slave mode only) 

1 = Indicate that the user needs to update the address in the SSPADD 
register. See Section 11.2 for details. 

0 = Address does not need to be updated. 


R/W: Read/write bit information (IPC mode only) 
This bit holds the R/W bit information received following the last address 


match. This bit is only valid during the transmission. 

The user may use this bit in software to determine whether transmission 
or reception is in progress. 

1 = Read 

0 = Write 


S: Start bit (I@C mode only) 

This bit is cleared when the SSP module is disabled (SSPEN is cleared) 

1 = Indicates that a start bit has been detected last. This bit is 0 on 
reset. 

0 = Start bit was not detected last 


P: Stop bit (I2C mode only) 

This bit is cleared when the SSP module is disabled (SSPEN is cleared) 
1 = Indicates that a stop bit has been detected last. 

0 = Stop bit was not detected last 


D/A: Data/Address bit (I@C mode only) 


1 = Indicates that the last byte received was data 
0 = Indicates that the last byte received was address 


Unimplemented, read as ‘0’. 
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FIGURE 11-2: SSPCON: SYNCHRONOUS SERIAL PORT CONTROL REGISTER 


i, aa te eo 


WCOL/SSPOV|SSPEN|CKP sspMo|ssewe|ssemi|ssPmo SSPM2|SSPM1;}SSPMO 


bitO POR value: U: Unimplemented, read:as ‘0’ 


7 Pit 





Register: SSPCON | W: Writable bit 
Address: R: Readable bit 





SSPM<3:0>: Synchronous serial port mode select 

0000 = SPI master mode, clock = OSC/4 

0001 = SPI master mode, clock = OSC/16 

0010 = SPI master mode, clock = OSC/64 

0011 = SPI master mode, clock = (TMR2 output/2) 

0100 = SPI slave mode, clock = SCK pin. ss pin control enabled. 

0101 = SPI slave mode, clock = SCK pin. ss pin control disabled. SS 
can be used as 1/O pin. 

0110= I?C slave mode, 7-bit address 

0111 = I?C slave mode, 10-bit address 

1011 = 12C master mode support enabled (slave idle) 

1110= I?C slave mode, 7-bit address with master mode support 
enabled 

1111 = IC slave mode, 10-bit address with master mode support 
enabled 


CKP: Clock polarity select. 


1= Transmit happens on falling edge, receive on rising edge. Idle state 
for clock is a High level. 

O= Transmit happens on rising edge, receive on falling edge. Idle state 
for clock is a Low level. 

In 2 modes: 

SCK release control 

1= Enable clock 

O= Holds clock low (clock stretch) 

. Note: Used to ensure data setup time 


SSPEN: Sync serial port enable 


In SP] modes; 
1= Enables serial port and configures SCK, SDO and SDI; as serial port 
pins. 


0= Disables serial port and configures these pins as |/O port pins. 

In JC modes: 

1= Enables the serial port and configures SDA and SCL pins as serial 
port pins. 

O= Disables serial port and configures these pins as I/O port pins. 
In both modes, when enabled, these pins must be properly config- 
ured as input or output. 


SSPOV: Receive overflow flag. 

In SPI modes: 

1= Anew byte is received while SSPBUF register is still holding the 
previous data. In case of overflow, the data in SSPSR is lost. Over- 
flow can only occur in slave mode. The user must read the SSP- 
BUF, even if only transmitting data, to avoid setting overflow. In 
master mode overflow bit is not set since each new reception (and 


transmission) is initiated by writing to SSPBUF. 
O= No overflow 


In @C modes: 

1= A byte is received while the SSPBUF is still holding the previous 
byte. SSPOV is a don't care in transmit mode. SSPOV must be 
cleared in software in either mode. 


WCOL: Write collision detect. 

1= the SSPBUF register is written while it is still transmitting the previ- 
ous word. 
Must be cleared in software. 

O= Nocollision 
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11.1. SPlMode 


The SPI mode allows 8-bits of data to be synchro- 
nously transmitted and received simultaneously. To 
accomplish communication, typically three pins are 
used: 


° Serial Data Out (SDO)  RC5/SDO 
° Serial Data In (SDI) RC4/SDI 
© Serial Clock (SCK) RC3/SCK 


Additionally a fourth pin may be used when in a slave 
mode of operation: 
e Slave Select (SS) RA5/SS 


When initializing the SPI, several options need to be 
specified. This is done by programming the appropriate 
control bit in the SSPCON register (SSPCON<5:0>). 
These control bits allow the following to be specified: 


e Master Mode (SCK is the clock output) 

e Slave Mode (SCK is the clock input) 

e Clock Polarity (Output/Input data on the Ris- 
ing/Falling edge of SCK) 

e Clock Rate (Master mode only) 

e Slave Select Mode (Slave mode only) 


The SSP consists of a transmit/receive Shift Register 
(SSPSR) and a Buffer register (SSPBUF). The SSPSR 
shifts the data in and out of the device, MSB first, while 
the SSPBUF holds the data that was written to the 
SSPSR, until the received data is ready. Once the 
8-bits of data have been received, that information is 
moved to the SSPBUF register, the Buffer Full (BF) bit 
(SSPSTAT <0>) and the SSPIF bit are set. This double 
buffering of the received data (SSPBUF) allows the 
next byte to start reception before reading the data that 
was received. Any write to the SSPBUF register during 
transmission/reception of data will be ignored, and the 
write collision detect (WCOL) bit (SSPCON<7>) will be 
set. User software must clear the WCOL bit so that it 
can be determined if the following write(s) to the SSP- 
BUF completed successfully. When the application 
software is expecting to receive valid data, the SPP- 
BUF should be read before the next byte of data to 
transfer is written to the SSPBUF. The Buffer Full (BF) 
bit (SSPSTAT<0>) indicates when the SSPBUF has 
been loaded with the received data (transmission is 
complete). When the SSPBUF is read, the BF bit is 
Cleared. This data may be irrelevant if the SPI is only a 
transmitter. Generally the SSP Interrupt is used to 
determine when the transmission/reception has com- 
pleted. The SSPBUF can then be read (if data is mean- 
ingful) and/or the SSPBUF (SSPSR) can be written. If 
the interrupt method is not going to be used, then soft- 
ware polling can be done to ensure that a write collision 
does not occur. Example 11-1 shows the loading of the 
SSPBUF (SSPSR) for data transmission. The shaded 
instruction is only required if the received data is mean- 


ingful. 









EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 
LOOPBSF STATUS, RPO ;Specify Bank 1 
BTFSS SSPSTAT, BF ;Has data been 


>received 
> (transmit 
;complete) ? 
GOTO LOOP :No 
BCF STATUS, RPO ;Specify Bank 0 
MOVF SSPBUF, W ;W reg = contents 


;of SSPBUF 








ANE Rs PRAM : 
MOVF TXDATA, W ;W reg contents of ‘ 
; TXDATA 
;New data to xmit. 





MOVWF SSPBUF 


The block diagram of the SSP module, when in SPI 
mode (Figure 11-3), shows that the SSPSR is not 
directly readable or writable, and can only be accessed 
from addressing the SSPBUF register. Additionally, the 
SSP status register (SSPSTAT) indicates the various 
status conditions. 


FIGURE 11-3: SSP BLOCK DIAGRAM 
(SPI MODE) 


A i 
Read res Write 
Ay 
ea 
AI 
| 


Internal 
data bus 


XxX 
SDI 
xX 


SDO 


bitO 


> 
<< 
a= 


SC SS Control 
Enable 
SS 


Edge 
Select 
Clock select 


SSPM<3:0> 
Timer2 output 


2 
Prescaler 
4, 16, 64 TCY 
Data to Tx/Rx in SSPSR 
— TRISC<3> 
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To enable the serial port, the SSP enable bit (SSPEN) 
must be set. To reset or reconfigure SPI mode, clear 
SPEN, re-initialize SSPCON, and then set SSPEN. 
This configures the SDI, SDO, SCK, and SS pins as 
serial port pins. For the pins to behave as the serial port 
function, they must have their data direction bits (in the 
TRISC register) appropriately programmed. That is: 


e SDI must have TRISC<4> set 
e SDO must have TRISC<5> cleared 


e¢ SCK (Master mode) must have TRISC<3> 
cleared 


e SCK (Slave mode) must have TRISC<3> set 
e SS must have TRISA<5> set 


Any serial port function that is not desired may be over- 
ridden by programming the corresponding data direc- 
tion (TRIS) register to the opposite value. An example 
would be in master mode where you are only sending 
data (to a display driver), then both SDI and SS could 
be used as general purpose outputs by eee their 
corresponding TRIS register bits. 


Figure 11-4 shows a typical connection between two 
microcontrollers. The master controller (Processor 1) 
initiates the data transfer by sending the SCK signal. 
Data is shifted out of both shift registers on their pro- 
grammed clock edge, and latched on the opposite 
edge of the clock. Both processors should be pro- 
grammed to same Clock Polarity (CKP), then both con- 
trollers would send and receive data at the same time. 
Whether the data is meaningful (or dummy data) 
depends on the application software. This leads to 
three scenarios for data transmission: 


e Master sends data — Slave sends dummy data 
e Master sends data — Slave sends data 
e Master sends dummy data — Slave sends data 


FIGURE 11-4: SPI MASTER/SLAVE CONNECTION 


SPI Master SSPM<3:0> = 00xxb 


Serial Input Buffer 
(SSPBUF) 


Shift Register 
(SSPSR) 


PROCESSOR 1 
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The master can initiate the data transfer at any time 
because it controls the SCK. The master determines 
when the slave (Processor 2) wishes to broadcast data 
by the software protocol. | 


In master mode the data is transmitted/received as 
soon as the SSPBUF is written to. If the SPI is only 
going to receive, the SCK output could be disabled 
(programmed as an input). The SSPSR register will 
continue to shift in the signal present on the SDI pin at 
the programmed clock rate. As each byte is received, it 
will be loaded into the SSPBUF as if a normal received 
byte (interrupts and status bits appropriately set). This 
could be useful in receiver applications as a “line activ- 
ity monitor’ mode. 


In slave mode, the data is transmitted and received as 
the external clock pulses appear on SCK. When the last 
bit is latched the interrupt flag (SSPIF) is set (PIR1<3>). 


The clock polarity is selected by appropriately program- 
ming the CKP bit (SSPCON<4>). This then would give 
waveforms for SPI communication as shown in 
Figure 11-5 and Figure 11-6 where the MSB is trans- 
mitted first. In master mode, the SPI clock rate (bit rate) 
is user programmable to be one of the following: 


e OSC /4 (or Tcy) 

e OSC / 16 (or 4 © Tcy) 

¢ OSC / 64 (or 16 « Tcy) 

¢ Timer2 output / 2 | 

This allows a maximum bit clock frequency (at 20 MHz) 


of 5 MHz. When in slave mode the external clock must 
meet the minimum high and low times (see Table 16-7). 


In sleep mode, the slave can transmit and receive data 
and wake-up the device from sleep. 


Serial Input Buffer 
(SSPBUF) 


Shift Register 
(SSPSR) 
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The SS pin allows a synchronous slave mode. The 
SPI must be in slave mode (SSPCON<3:0> = 04h) 
and the TRISA<5> bit must be set the for the syn- 
chronous slave mode to be enabled. When the SS 
pin is low, transmission and reception are enabled 
and the SDO pin is driven. When the SS pin goes 
high, the SDO pin is no longer driven, even if in the 
middle of a transmitted byte, and becomes a floating 


output. External pull-up/ pull-down resisters may be 
desirable, depending on the application. 


To emulate two-wire communication, the SDO pin can 
be connected to the SDI pin. When the SPI needs to 
operate as a receiver the SDO pin can be configured as 
an input. This disables transmissions from the SDO. 
The SDI can always be left as an input (SDI function) 
since it cannot create a bus conflict. 


FIGURE 11-5: SP! MODE TIMING (MASTER MODE OR SLAVE MODE W/O SS CONTROL) 
SCK 
(CKP = 0) | | | | | | | | | | | | 
(CKP = 1) | | ! } 


SDI 
bit7 


SSPIF 
interrupt flag 


soo ZX wit Xe wis we bie at 


' bit 


— 


FIGURE 11-6: SPI MODE TIMING (SLAVE MODE WITH SS CONTROL) 


Ss \ of 
SCK 
(CKP=0) i} | 
SCK 
(CKP = 1) | | . | 


SDO 


SDI 





SSPIF + 


aaiees [vane | 6a7 | Be 





C : 
4 


1 
1 
| 9 


| 94 SSPSTAT 


Legend: — = Unimplemented locations, Read as '0' 


Note: Shaded boxes are not used by SSP module in SPI mode. 


Note 1: These bits are not implemented on the PIC16C 64. 
t These bits are reserved on the PIC16C65. 
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11.2 142C Overview 


This section provides an overview of the Inter-IC (I?C) 
bus, with Section 11.3 discussing the operation of the 
SSP module in 12C mode. The I7C bus is a two-wire 
serial interface developed by the Philips Corporation. 
The original specification, or standard mode, was for 
data transfers of up to 100 Kbps. An enhanced specifi- 
cation, or fast mode, supports data transmission up to 
400 Kbps. Both standard mode and fast mode devices 
will inter-operate if attached to the same bus. 


The 12C interface employs a comprehensive protocol to 
ensure reliable transmission and reception of data. 
When transmitting data, one device is the “master” 
(generates the clock), while the other device(s) acts as 
the “slave.” All portions of the slave protocol are imple- 
mented in the SSP module’s hardware, while portions 
of the master protocol need to be addressed in the 
PIC16CXX software. Table 11-2 defines some of the 
12C-bus terminology. For additional information on the 
|?C interface specification, refer to the Philips Corpora- 
tion document “The /*C-bus and how to use it.” The 
order number for this document is 98-8080-575. 


In the IC interface protocol each device has an 
address. When a master wishes to initiate a data trans- 
fer, it first transmits the address of the device that it 
wishes to “talk” to. All devices “listen” to see if this is 
their address. Within this address, a bit specifies if the 
master wishes to read / write from / to the slave device. 
The master and slave are always in opposite modes 
(transmitter/receiver) of operation during a data trans- 


fer. That is they can be thought of operating in either of — 


these two relations: 


e Master-transmitter and Slave-receiver 
e Slave-transmitter and Master-receiver 


In both cases the master generates the clock signal. 


TABLE 11-2: 17C-BUS TERMINOLOGY 








Transmitter 


Receiver 


Multi-master . 


2) 
D 
rs 


Arbitration 








| _ | The device addressed by a master | 
More than one master device in a system. These masters can attempt to control the bus at the _ 
same time without corrupting the message 
Procedure that ensures that only one of the master devices will control the bus. This ensure that 
the transfer data does not get corrupted. 


Synchronization | Procedure where the clock signals of two or more devices are synchronized 


The output stages of the clock (SCL) and data (SDA) 
lines must have an open-drain: or open-collector in 
order to perform the wired-AND function of the bus. 
External pull-up resistors are used to ensure a high 
level, when no device is pulling the line down. The num- 
ber of devices that may be attached to the I?C bus is 
limited only by the maximum bus loading specification 
of 400 pF. | 


11.2.4. INITIATING AND TERMINATING DATA 
TRANSFER : 


During times of no data transfer (idle time), both the 
clock line (SCL) and the data line (SDA) are pulled high 
through the external pull-up resistors. The START and 
STOP conditions determine the start and stop of data 
transmission. The START condition is defined as a high 


. to low transition of the SDA when the SCL is high. The 


STOP condition is defined as a low to high transition of 
the SDA when the SCL is high. Figure 11-7 shows the 
START and STOP conditions. The master generates 
these conditions for starting and terminating data trans- 
fer. Due to the definition of the START and STOP con- 
ditions, when data is being transmitted the SDA line can 
only change state when the SCL line is low. 


FIGURE 11-7: START AND STOP 
CONDITIONS 


Change Change Stop 
Condition of Data of Data Condition 
Allowed Allowed 
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11.22 ADDRESSING IC DEVICES 


There are two address formats. The simplest is the 
7-bit address format with a R/W bit (see Figure 11-8). 
The more complex is the 10-bit address with a R/W bit 
(see Figure 11-9). For 10-bit address format, two bytes 
must be transmitted with the first five bits specifying this 
to be a 10-bit address. 


FIGURE 11-8: 7-BIT ADDRESS FORMAT 


slave address ae Sent by 
S - Start Condition Slave 
R/W - Read/Mrite pulse 
ACK ~- Acknowledge 





FIGURE 11-9: 1?C 10-BIT ADDRESS 
FORMAT 


1S]11110 A9A8 RWIACK/A7 A6 AS A4 A3 A2 At AO|ACK 


sent by slave 
= 0 for write 


Ss - Start Condition 
R/W - ReadMWrite Pulse 
ACK - Acknowledge 





FIGURE 11-11: A DATA TRANSFER 


11.2.3 TRANSFER ACKNOWLEDGE 


All data must be transmitted per byte, with no limit to the 
number of bytes transmitted per data transfer. After 
each byte, the slave-receiver generates an acknowl- 
edge bit (ACK). This is shown in Figure 11-10. When a 
slave-receiver doesn’t acknowledge the slave address 
or received data, the master must abort the transfer. 
The slave must leave SDA high so that the master can 
generate the STOP condition (see Figure 11-7). 


FIGURE 11-10: SLAVE-RECEIVER 
ACKNOWLEDGE 


Data 775 
Transmitter ! is 
t 4 not acknowledge 
Data |__| ss 
> 
Output by | 
Receiver | 
| acknowledge 
1 


| 
{ 
{ 
Master 1 2 “ 8 9 
| 
| 


| 

I 

tS) 

Start Clock pulse for 
Condition acknowledgement 





lf the master is receiving the data (master-receiver), it 
generates an acknowledge signal for each received 
byte of data, except for the last byte. To signal the end 
of data to the slave-transmitter, the master does not 
generate an acknowledge (not acknowledge). The 
slave then releases the SDA line so the master can 
generate the STOP condition. The master can also 
generate the STOP condition during the acknowledge 
pulse for valid termination of data transfer. 


If the slave needs to delay the transmission of the next 
byte, holding the SCL line low will force the master into 
a wait state. Data transfer continues when the slave 
releases the SCL line. This allows the slave to move the 
received data or fetch the data it needs to transfer 
before allowing the clock to start. This wait state tech- 
nique can also be implemented at the bit level. 
Figure 11-11 shows a data transfer waveform. 


acknowledgement 
signal from receiver 


ee ie { 2 7 8 


byte complete. 
interrupt with receiver 


acknowledgement 
signal from receiver 


clock line held low while 
interrupts are serviced 


1 2 3° 


a EEN (ERs! Ce eee eerie [Oe 


Condition Address 


RAW ACK Wait Data ACK Condition 





State 


Figure 11-12 and Figure 11-13 show Master-transmitter and Master-receiver data transfer sequences. 
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When a master does not wish to relinquish the bus (by 
generating a STOP condition), a repeated START con- 
dition (Sr) must be generated. This condition is identical 
to the start condition (SDA goes high-to-low while SCL 
is high), but occurs after a data transfer acknowledge 
pulse (not the bus-free state). This allows a master to 


FIGURE 11-12: MASTER-TRANSMITTER SEQUENCE 
For 7-bit address: 


data transferred 
(n bytes - acknowledge) 
A master.transmitter addresses a slave receiver with a 
7-bit address. The transfer direction is not changed. 


“O" (write) 


A = acknowledge (SDA low) 

A = not acknowledge (SDA high) 
S = START condition 

P = STOP condition 


From master to slave 


[| From slave to master 


For 7-bit address: 


data transferred 
(n bytes - acknowledge) 


(read) 


A master reads a slave immediately after the first byte. 


A = acknowledge (SDA low) 

A = not acknowledge (SDA high) 
S.= START condition 

P = STOP condition 


From master to slave 


[ From slave to master 


FIGURE 11-14: COMBINED FORMAT 


(read or write) 
(n bytes + acknowledge) 


(read) Sr = repeated 


START condition 





(write) 


send “commands” to the slave and then receive the 
requested information or to address a different slave 
device. This sequence is shown in Figure 11-14. 


A master transmitter addresses a slave receiver with a 
10-bit address. 


A master transmitter addresses a slave receiver with a 
10-bit address. 


Direction of transfer 
may change at this point 


Transfer direction of data and acknowledgement bits depends on R/W bits. 


Combined Format: 


(write) 


Combined format - A master addresses a slave with a 10-bit address, then transmits 
data to this slave and reads data from this slave. 


A = acknowledge (SDA low) 
From master to slave 
S = START condition 


7 [| From slave tomaster P-=STOP condition 


A =not acknowledge (SDA high 
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11.2.4 MULTI-MASTER 


The I?C protocol allows a system to have more than 
one master. This is called multi-master. When two or 
more masters try to transfer data at the same time, 
arbitration and synchronization occur. 


11.24.14 ARBITRATION 


Arbitration takes place on the SDA line, while the SCL 
line is high. The master which transmits a high when 
the other master transmits a low loses arbitration (see 
Figure 11-15), and turns off its data output stage. A 
master which lost arbitration can generate clock pulses 
until the end of the data byte where it lost arbitration. 
When the master devices are addressing the same 
device, arbitration continues into the data. 


FIGURE 11-15: MULTI-MASTER 
ARBITRATION 
(2 MASTERS) 


transmitter 1 loses arbitration 


DATA 1 SDA 





Masters that also incorporate the slave function, and 
have lost arbitration must immediately switch over to 
Slave-receiver mode. This is because the winning mas- 
ter-transmitter may be addressing it. 


Arbitration is not allowed between: 


e Arepeated START condition 

e A STOP condition and a data bit 

e Arepeated START condition and a STOP condi- 
tion 


Care needs to be taken to ensure that these conditions 
do not occur. 


11.2.4.2 Clock Synchronization 


Clock synchronization occurs after the devices have 
started arbitration. This is performed using a 
wired-AND connection to the SCL line. A high to low 
transition on the SCL line causes the concerned 
devices to start counting off their low period. Once a 
device clock has gone low, it will hold the SCL line low 
until its SCL high state is reached. The low to high tran- 
sition of this clock may not change the state of the SCL 
line, if another device clock is still within its low period. 
The SCL line is held low by the device with the longest 
low period. Devices with shorter low periods enter a 
high wait-state, until the SCL line comes high. When the 
SCL line comes high, all devices start counting off their 
high periods. The first device to complete its high period 
will pull the SCL line low. The SCL line high time is 
determined by the device with the shortest high period. 
This is shown in Figure 11-16. 


FIGURE 11-16: CLOCK SYNCHRONIZATION 


wait start counting 
state HIGH period 
a 








_— 
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11.3 SSP IC Operation 


The SSP module in I2C mode fully implements all slave 
functions, and provides support in hardware to facilitate 
software implementations of the master functions. The 
SSP module implements the standard and fast mode 
specifications as well as 7-bit and 10-bit addressing. 
Two pins are used for data transfer. These are the 
RC3/SCK/SCL pin, which is the clock (SCL), and the 
RC4/SDI/SDA pin, which is the data (SDA). The user 
must configure these pins as inputs or outputs through 
the TRISC<4:3> bits. A block diagram of the SSP mod- 
ule in I7C mode is shown in Figure 11-17. The SSP 
module functions are enabled by setting the SSP 
Enable (SSPEN) bit (SSPCON<5>). 


FIGURE 11-17: SSP BLOCK DIAGRAM 
(I? MODE) 


Internal 


Addr_Match 


a & 
SSPADD 


Start and Set, Reset 
Stop bit detect S, P bits 
| (SSPSTAT Reg) 





The SSP module has five registers for PC operation. 
These are the: 

¢ SSP Control Register (SSPCON) 

e SSP Status Register (SSPSTAT) 

e Serial Receive / Transmit Buffer (SSPBUF) 


SSP Shift Register (SSPSR) - Not directly acces- 
sible 


e Address Register(SSPADD) 


The SSPCON register allows control of the PC opera- 
tion. Four mode selection bits (SSPCON<3:0>) allows 
one of the following 2C modes to be selected: 

© |?C Slave mode (7-bit address) 

° I?C Slave mode (10-bit address) 


° I?C Slave mode (7-bit address), with mas- 
ter-mode support enabled ; 


i?C Siave mode (10-bit address), with mas- 
ter-mode support enabled 


* 12C Master mode, support enabled slave is idle 


Selection of any IC mode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, pro- 
vided these pins are set to inputs through the Tne 
bits. 


The SSPSTAT register gives the status of the data 
transfer. This information includes detection of a 
START or STOP bit, specifies if the received byte was 
data or address, if the next byte is the completion of 
10-bit address, and if this will be a read or write data 
transfer. The SSPSTAT register is read only. 


The SSPBUF is the register to which transfer data is 
written to or read from. The SSPSR register shifts the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered 
receiver. This allows reception of the next byte before 
reading the last byte of received data. When the com- 
plete byte is received, it is transferred to the SSPBUF 
and the SSPIF is set. If another complete byte is 
received before the SSPBUF is read, a receiver over- 
flow has occurred and the SSPOV bit (GSPCON<6> is 
set. 


The SSPADD register holds the slave address. In 
10-bit mode, the user needs to write the high byte of the 
address (1111 0 A9 A8 0). Following the high byte 
address match, the low byte of the address needs to be 
loaded (A7 - AO). 


ALI D TTT AE RI IE PE III SEE SR RG EE SE TE TEE EG IE ELIT BES TTI EET LE IIE SEE IMLS ORI ET SPL IT ITS TSN ETE GI SAT STI IT TIT ES IEEE SATE EBT PIT EOE N IE COGS MEE EEE SCS TENE INT SEE DIES TE ELEC ETE LTTE OT ICSE TR 
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11.3.1 SLAVE MODE 


In slave mode, the SCL and SDA pins must be config- 
ured as inputs (TRISC<4:3> set). The SSP module will 
override the input state with the output data when 
required (slave-transmitter). 


When an address is matched or the data transfer from 
an address match is received, the hardware automati- 
cally will generate the acknowledge (ACK) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 


There are certain conditions that will cause the SSP 
module not to give this ACK pulse. These are if either 
(or both): 


e The Buffer Full (BF) bit was set before the transfer 
was received. 


e The Overflow (SSPOV) bit was set before the 
transfer was received. 


In this case, the SSPSR value is not loaded into the 
SSPBUF, but the SSPIF bit is set. Table 11-3 shows 
what happens when a data transfer byte is received, 
given the status of the BF and SSPOV bits. The shaded 
boxes shows the condition where user software did not 
properly clear the overflow condition. The BF flag is 
cleared by reading the SSPBUF register while the 
SSPOV bit is cleared through software. 


The SCL clock input must have a minimum high and 
low for proper operation. The high and low times of the 
2c specification as well as the requirement of the SSP 
module is shown in timing parameter #100 and param- 
eter #101. 


11.3.1.4 ADDRESSING 


Once the SSP module has been enabled, The SSP 
waits for a START condition to occur. Following the 
START condition, the 8-bits are shifted into the SSPSR. 
All incoming bits are sampled with the rising edge of the 
clock (SCL) line. The SSPSR<7:1> is compared to the 
SSPADD register. The address is compared on the fall- 
ing edge of the eighth clock (SCL) pulse. If the 
addresses match, and the BF and SSPOV bits are 
clear, the following things happen: 


« SSPSR loaded into SSPBUF 

e Buffer Full (BF) bit is set 

e ACK pulse is generated 

¢ SSP Interrupt Flag (SSPIF) is set (interrupt is gen- 
erated if enabled) - on falling edge of ninth SCL 
pulse 


In 10-bit address mode, two address bytes need to be 
received by the slave (see Figure 11-9). The five Most 
Significant bits (MSbs) of the first address byte specify 
if this is a 10-bit address. The R/W bit (bit 0) must spec- 
ify a write, so the slave device will receive the second 
address byte. For a 10-bit address the first byte would 
equal ‘1111 0 A9A8 0’, where AQ and A8 are the 
two MSbs of the address. The sequence of events for 
10-bit address are as follows, with steps 7- 9 for 
slave-transmitter: 


1. Receive first (high) byte of Address (SSPIF, BF 
and UA are set) 


2. Update SSPADD with second (low) byte of 
Address (clears UA and releases SCL line) 


3. Read SSPBUF (clears BF) and clear SSPIF 


4. Receive second (low) byte of Address (SSPIF, 
BF and UA are set) 


5. Update SSPADD with first (high) byte of Address 
(clears UA, if match releases SCL line) 


6. Read SSPBUF (clears BF) and clear SSPIF 
7. Receive Repeated START condition 


8. Receive first (high) byte of Address (SSPIF and 
BF are Set) 


9. Read SSPBUF (clears BF) and clear SSPIF 


TABLE 11-3: DATA TRANSFER RECEIVED BYTE ACTIONS 


Status Bits as Data 
Transfer is Received 





Set SSPIF bit 
(SSP Interrupt if 
Enabled) 


Generate ACK 
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11.3.1.2 RECEPTION 


When the R/W bit of the address byte is clear and an 
address match occurs, the R/W bit of the SSPSTAT reg- 
ister is cleared. The received address is loaded into the 
SSPBUF. = | 


When the address byte overflow condition exists then 
no acknowledge (ACK) pulse is given. An overflow con- 
dition is defined as either the BF bit (SSPSTAT<0O>) is 
set or the SSPOV bit (SSPCON<6>) is set. 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and 
the SSPSTAT register is used to determine the status of 
the byte. 


FIGURE 11-18: IC WAVEFORMS FOR RECEPTION (7-BIT ADDRESS) 


one Receiving Address M0 ; Receiving Data ACK Receiving Data ACK 
SDA | 1_LAT XABKAS AAAS AZKAD) m7 D7X DEX DSX D4XD3XD2XD1XD0)__ /D7X D6XD5XD4XD3XD2X D1 XD 


sc. 's! Liat AlalsLUsl/7\islisr si /2Lis/4t is foi v/a s/t sal s\ AL/SLeLin\ /8r/9 
| ; 


7 
{ 
I 


r 
1 

1 

tet 
ipl 
pad 
! 


SSPIF (PIR1<3>) Bus Master 


terminates 


SSPIF (SSPSTAT<0>) 


Cleared in software 
SSPBUF is read 


1 
' 
! 
| 
| transfer 
i 
1 
i 


SSPOV (SSPCON<6>) 


SSPOV is set 4 
because SSPBUF is 
still full. ACK is not sent. 
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11.3.1.3 TRANSMISSION 


When the R/W bit of the address byte is set and an 
address match occurs, the R/W bit of the SSPSTAT reg- 
ister is set. The received address is loaded into the 
SSPBUF. The ACK pulse will be sent on the ninth bit, 
and the SCL pin is held low. The transmit data must be 
loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled 
by setting the CKP bit (SSPCON<4>). The eight data 
bits are shifted out on the falling edge of the SCL input. 
This ensures that the SDA signal is valid during the SCL 
high time (see Figure 11-19). 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and 
the SSPSTAT register is used to determine the status of 
the byte. The SSPIF bit is set on the falling edge of the 
ninth clock pulse. 


As a slave-transmitter, the ACK pulse from the mas- 
ter-receiver is latched on the rising edge of the ninth 
SCL input pulse. If the SDA line was high (not ACK), 
then the data transfer is complete. The slave then mon- 
itors for another occurrence of the START bit. lf the SDA 
line was low (ACK), the transmit data must be loaded 
into the SSPBUF register, which also loads the SSPSR 
register. Then the SCL pin should be enabled by setting 
the CKP bit (SSPCON<4>). 


FIGURE 11-19: IC WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS) 


Receiving Address 


(peel Al 
1 


2 3 4 5 6 7 8 9 


' Data in 
; sampled 


BF  (SSPSTAT<0>) 


CKP (SSPCON<4>) 


SSPIF (PIR1<3>) : | 
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t 
i 
1 
4 
$ 
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Transmitting Data 


SCL held low ' 
ie 1 
responds to SSPIF ; 
i) 

; 

1 


Cleared in software } From SSPIF interrupt 
SSPBUF is written in software J service routine 


Set bit after writing to SSPBUF 
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11.3.2 MASTER MODE 


Master mode of operation is supported by interrupt 
generation on the detection of the START and STOP 
conditions. The STOP (P) and START (S) bits are 
cleared from a reset or when the SSP module is dis- 
abled. Control of the I@C bus may be taken when the P 
bit is set, or the bus is idle and both the S and P bits are 
cleared 


In master mode the SCL and SDA lines are manipu- 
lated by changing the corresponding TRISC<4:3> bit(s) 
to an output (cleared). The output level is always low, 
irrespective of the value(s) in PORTB<4:3>. So when 
transmitting data, a “1” data bit must have the 
TRISC<4> bit set (input) and a “O” data bit must have 
the TRISC<4> bit cleared (output). The same scenario 
is true for the SCL line with the TRISC<3> bit. 


The following events will cause the SSP Interrupt Flag 
(SSPIF) to be set (SSP Interrupt if enabled): 

¢ START condition - 

¢ STOP condition 

¢ Data transfer byte transmitted/received 

Master mode of operation can be done with either the 
slave mode idle (SSPM3 - SSPMO = 1011) or with the 
slave active. When both master and slave modes are 


enabled, the software needs to differentiate the 
source(s) of the interrupt. 


11.3.3 MULTI-MASTER MODE 


In multi-master mode, the interrupt generation on the 
detection of the START and STOP conditions allows the 
determination of when the bus is free. The STOP (P) 
and START (S) bits are cleared from a reset or when 
the SSP module is disabled. Control of the PC bus may 
be taken when the P bit is set, or the bus is idle and both 
the S and P bits are cleared. When. the bus is busy, 
enabling the SSP Interrupt will generate the interrupt 
when the stop condition occurs. 


In multi-master operation, the SDA line must be moni- 
tored to see if the signal level is the expected output 
level. This check only needs to be done when a high 
level is output. If a high level is expected and a low level 
is present, the device needs to release the SDA and 
SCL lines (set TRISC<4:3>). There are two stages 
where this arbitration can be lost, these are: 


e Address Transfer 
e Data Transfer 


When the slave logic is enabled, the slave continues to 
receive. If arbitration was lost during the address trans- 
fer stage, the device may be being addressed. If 
addressed an ACK pulse will be generated. If arbitra- 
tion was lost during the data transfer stage, the device 
will need to re-transfer the data at a later time. 


TABLE 11-4: REGISTERS ASSOCIATED WITH I7C OPERATION 






[crocs [Name | BRT 
INTCON 











D/A 


Legend: —=Unimplemented locations, Read as '0'. 













DSSPADD | Synchronous Serial Port (I2C mode) Address Register 


SSPM2 
eo 


SOPIF 






Note: Shaded boxes are not used by the SSP module in I?C mode. 


Note 1: These bits are not implemented on the PIC16C64. 
+t These bits are reserved on the PIC16C65. 
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FIGURE 11-20: OPERATION OF THE I2C MODULE IN IDLE_MODE, RCV_MODE OR XMIT_MODE 


IDLE_MODE (7-bit): 
if (Addr_match) Set interrupt; 
if (R/W = 1) Send ACK = 0; 


set XMIT_MODE; 


} 
else if (R/W = 0) set RCV_MODE; 





RCV_MODE: 
if (SSPBUF=Full) OR (SSPOV = 1)) 
{ Set SSPOV; 
Do not acknowledge; 
} 
else { transfer SSPSR — SSPBUF; 


send ACK = 0; 





} 
Receive 8-bits in SSPSR; 


Set interrupt; 
XMIT_MODE: 
While ((SSPBUF = Empty) AND (CKP=0)) Hold SCL Low; 
Send byte; 
Set interrupt; 
if (ACK Received = 1) { End of transmission; 
Go back to IDLE_MODE; 
} 
else if (ACK Received = 0) Go back to XMIT_MODE; 
IDLE_MODE (10-Bit): 
If (High_byte_addr_match AND (R/W = 0)) 
{ PRIOR_ADDR_MATCH = FALSE; 
Set interrupt; 
if (SSPBUF = Full) OR ((SSPOV = 1)) 
{ Set SSPOV; 
Do not acknowledge; 
} 
{ Set UA = 1; 
Send ACK = 0; 
While (SSPADD not updated) Hold SCL low; 
Clear UA = 0; 
Receive Low_addr_byte; 
Set interrupt; 
Set UA = 1; 
If (Low_byte_addr_match) 
{ PRIOR_ADDR_MATCH = TRUE; 
Send ACK = 0; 
while (SSPADD not updated) Hold SCL low; 
Clear UA = 0; 


Set RCV_MODE; 


} 
else if (High_byte_addr_match AND (R/W = 1) 
{ if (PRIOR_ADDR_MATCh) 
{ send ACK = 0; 
set XMIT_MODE; 


} 
else PRIOR_ADDR_MATCH = FALSE; 


} 
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NOTES: 
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12.0 SERIAL COMMUNICATION 
INTERFACE (SCI) MODULE 


The Serial Communication Interface (SCI) module, is 
one of the two serial /O modules. The SCI can be con- 
figured as a full duplex asynchronous system that can 
communicate with peripheral devices such as CRT ter- 
minals and personal computers, or it can be configured 
as a half duplex synchronous system that can commu- 


nicate with peripheral devices such as A/D or D/A inte- 
grated circuits, Serial EEPROMs etc. The SCI can be 
configured in the following modes: 

e Asynchronous (full duplex) 

¢ Synchronous - Master (half duplex) 

e Synchronous - Slave (half duplex) 

The SPEN (RCSTA<7>) bit has to be set in order to 


configure RC6 and RC7 as the Serial Communication 
Interface. 


FIGURE 12-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER 


RW ORY RW RW U RW R R/W 
csrac | txa9 | TXEN | SYNC a BRGH | TRMT Register:  TXSTA | W:Writable 
Address: 98h | R: Readable 


bit7 


bitO POR value: 02h | U: Unimplemented, read as ‘0’ 


TXD8: 9th bit of transmit data, can be the 
calculated parity 


TRMT: Transmit shift register (TSR) empty 
1 = TSR empty 
0 = TSR full 


BRGH: High baud rate select bit 
nchronous mode: 

1 = High speed 

0 = Low speed 


Synchronous mode: 
Unused 


Unimplemented, read as ‘0’. 


SYNC: SCI mode bit 


This bit selects between synchronous and 
asynchronous mode of operation. 

1 = Synchronous mode 

0 = Asynchronous mode 


TXEN: Transmit Enable bit 
1 = Transmit enabled 


0 = Transmit disabled 
SREN/CREN overrides TXEN in SYNC mode 


TX8/9: Transmit Data Length bit 
1 = Selects 9-bit transmission 
0 = Selects 8-bit transmission 


CSRC: Clock Source Select bit 


Synchronous mode: 

1 = Master Mode (Clock generated intemally 
from BRG) 

0 = Slave mode (Clock from extemal source) 

Asynchronous mode: 

Don't care. 
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SPEN | RC@&/9 | SREN CREN | es FERR 


TABLE 12-1: BAUD RATE FORMULA 








X = value in SPBRG (0 to 255) 


12.1 SCi Baud Rate Generator (BRG) 


The BRG supports both the Asynchronous and Syn- 
chronous modes of the SCI. It is a dedicated 8-bit baud 
rate generator. The SPBRG register controls the period 
of a free running 8-bit timer. In asynchronous mode the 
BRGH (TXSTA<2>) also controls the baud rate. In syn- 
chronous mode BRGH is ignored. Table 12-1 shows 


FIGURE 12-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER 


SYNC BRGH=0 (Low Speed) BRGH=1 (High Speed) 
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate= Fosc/(16(X+1)) 
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) NA 





OERR RCD8& 


RCDs8: 9th bit of receive data, can be parity bit 


OERR: Overrun Error bit. 
1 = Overrun. cleared by clearing CREN 
0 = No overrun error 


FERR: Framing Error bit. 
1 = Framing error. Updated by reading RCREG. 
0 = No framing error 


Unimplemented, read as ‘0’. 


CREN: Continuous Receive Enable bit 
synch mode: 

1= Enables reception 

0 = Disables reception 


1 = Enables continuous reception until CREN is 
cleared CREN overrides SREN. 
0 = Disables continuous reception 


SREN: Single Receive Enable bit. 
Synchronous mode: 

1 = Enable reception. 

0 = Disables reception 

Note: This bit is ignored in synchronous slave 
reception. 

SREN is cleared after reception is complete. 
Asynchronous mode: 


Don't care 


RC8/9: Receive Data Length bit 
1= Selects 9-bit reception. 
0= Selects 8-bit reception. 


SPEN: Serial Port Enable bit 

1 = Configures RC7/RX/DT and RC6/TX/CK pins as 
serial port pins. 

0 = Serial port disabled. 





the formula for computation of the baud rate for differ- 
ent SCI modes which only apply in master mode (inter- 
nal clock). 


Given the desired baud rate and Fosc, the nearest inte- 
ger value for SPBRG can be calculated using the for- 
mula in Table 12-1. From this, the error in baud rate can 
be determined. 


Reve Ae at A A SP SES CSE TE A TIE ESTE TE ISTE IEE GE DT TC IEE TE IE LE SS I TEE I IES SE ETE ETS ELIAS 
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Example 12-1 shows the calculation of the baud rate It may be advantageous to use the high baud rate 
error for the following conditions: (BRGH = 1) even for slower baud clocks. This is 
Fosc = 16 MHz because the Fosc/(16(x + 1)) equation can reduce the 


Desired Baud Rate = 9600 baud rate error in some cases. 


BRGH =0 Writing a new value to the SPREG, causes the BRG 
SYNC =0 timer to be reset (or cleared), this guarantees that the 
7 BRG does not wait for a timer overflow before output- 


ting the new baud rate. 
EXAMPLE 12-1: CALCULATING BAUD RATE ees en 


ERROR 
Desired Baud rate=Fosc / (64 (X + 1)) 
9600 16000000 /(64 (X + 1)) 
X 25.042] = 25 
Calculated Baud Rate=16000000 / (64 (25 + 1)) 
= 9615 


(Calculated Baud Rate - Desired Baud Rate) 
Desired Baud Rate 


(9615 - 9600) / 9600 
0.16% 


Error 


TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR 


OX98h 





TABLE 12-3: BAUD RATES FOR SYNCHRONOUS MODE 


spare |'OMHZ spprq |'OMHZ spprg |’ 15909MHZ SPBRG 


value value value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal)| KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


FOSC = 5.0688MHZ : : 
SPBRG 3.579545MHZ SPBRG 


value value value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


0.303 +1.14 
1.170 -2.48 
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TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH=0) 





BAUD Fosc = 20MHZ - SPBRG 16MHZ SPBRG 10MHZ 
RATE _ value value value 
(K) KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal); KBAUD %ERROR (decimal) 
faacaci’c Yc Age ea 7 Seamus a,( “/-eaaceeaa Ngee aa as (0 Cee Oa een a \| a cee 
1.2 1.221 +1.73 255 1.202 +0.16 207 1.202 +0.16 129 1.203 +0.23 92 
2.4 2.404. +0.16 129 2.404 . +0.16 103 2.404 +0.16 64 2.380 -0.83 46 
9.6 9.469 -1.36 32 9.615 +0.16 25 9.766 +1.73 15 9.322 -2.90 11 
19.2 19.53 +1.73 15 19.23 +0.16 j2 19.53 +1.73 7 18.64 -2.90 5 
76.8 78.13 +1.73 83.33 +8.51 2 78.13 +1.73 1 NA - - 
96 104.2 +8.51 NA - - NA - - NA - - 


FOSC = 5.0688MHZ : : 
8 SPBRG 3.579545MHZ SPBRG 32.768KHZ SPBRG 


value value value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) |} KBAUD %ERROR (decimal) 
0.300 +0.16 0.256 ~14.67 
1.202 +0.16 
-6.99 





TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH=1) 


FOsc = 20MHZ SPBRG 16MHZ SPBRG 10MHZ SPBRG 7.16MHZ SPBRG | 


value value value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


19.230 
37.878 
56.818 
113.636 
250 
625 
1250 


FOSC = 5.068MHZ sparg | SPBRG 32.768KHZ SPBRG 


value value value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal); KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


9.727 8.928 -6.99 
18.643 20.833 +8.51 
37.286 31.25 -18.61 
55.930 : +8.51 
111.860 

223.721 
NA 
NA 
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12.1.1 SAMPLING rates), the sampling is done on the 3 clock edges pre- 
ceding the second rising edge after the first falling edge 


The data on the RX pin is sampled three times by a of a 4x clock (see Figure 12-4 and Figure 12-5). 


majority detect circuit to determine if a high or a low 
level is present at the RX pin. If BRGH is clear (i.e., at 
the low baud rates), the sampling is done on the sev- 
enth, eighth and ninth falling edges of a 16x clock (see 
Figure 12-3). If BRGH is set (i.e., at the high baud 


FIGURE 12-3: RX PINSAMPLING SCHEME (BRGH=0) 


START BIT 
RX pin BIT oO 


Se ee Ce em pt eS a eh eee a aa —<— Baud clk for all but start bit 






baud clk 


jena: cl) ae ee CI ied dil Med Te Ua Led obed cesl 


1 2 3 4 5 6 7 #68 9 10 11 12 13 14 15 16 1 2 


Samples 


FIGURE 12-4: RX PIN SAMPLING SCHEME (BRGH=1) 


START BIT 


First falling edge after RX pin goes low 
Second rising edge 


1 22 3 4 1 2 3. 4 1 2 


Q2, Q4 clk 


Samples Samples Samples 





FIGURE 12-5: RX PIN SAMPLING SCHEME (BRGH=1) 


RX pin 
\ START BIT / BITO 


i ce Baud clk for all but start bit 


First falling edge after RX pin goes low 
ra Second rising edge 


1 2 3 4 
a,asek JU UU UU UU UU 


ttt 


Samples 
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12.2 SClAsynchronous Mode | 


In this mode, the SCI used standard nonreturn-to-zero 
(NRZ) format (one start bit, eight or nine data bits and 
one stop bit). The most common data format is 8-bits. 
An on-chip dedicated 8-bit baud rate generator can be 
used to derive standard baud rate frequencies from the 
oscillator. The SCI transmits and receives the LSB bit 
first. The SCi’s transmitter and receiver are functionally 


independent but use the same data format and baud: 


rate. The baud rate generator produces a clock either 
16x or 64x of the bit shift rate, depending on the BRGH 
(TXSTA<2>) bit. Parity is not supported by the hard- 
ware, but can be implemented in software (and stored 
as the ninth data bit). Asynchronous mode is stopped 
during SLEEP. 


The asynchronous mode is selected by resetting the 
SYNC bit (TXSTA<4>). 


The SCI Asynchronous module consists of the follow- 
ing important elements: 


e Baud Rate Generator 

¢ Sampling Circuit 

e Asynchronous Transmitter 
e Asynchronous Receiver 


12.2.1. SCl ASYNCHRONOUS TRANSMITTER 


The SCI transmitter block diagram is shown in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains 
its data from the read/write transmit buffer (TXREG). 
The TXREG is loaded with data in software. The TSR 
is not loaded until the stop bit has been transmitted 
from the previous load. As soon as the stop bit is trans- 
mitted, the TSR is loaded with new data from the 
TXREG (if available). Once the TXREG transfers the 
data to the TSR(occurs in one Tcy), the TXREG is 
empty and a interrupt bit, TXIF (PIR1<4>) is set. This 


interrupt can be enabled or disabled by the TXIE bit 
(PIE1<4>). TXIF will be set regardiess of TXIE and 
cannot be reset in software. It will reset only when new 
data is loaded into the TXREG. While TXIF indicated 
the status of the TXREG, another bit 
TRMT(TXSTA<1>) shows the status of the TSR. TRMT 
is a read only bit which is set when the TSR is empty. 
No interrupt logic is tied to this bit, so the user has to 
poli this bit in order to determine if the TSR is empty. 








Transmission is enabled by setting the TXEN 
(TXSTA<5>) bit. The actual transmission will not occur 
until the TXREG has been loaded with data and the 
baud rate generator (BRG) has produced a shift clock 
(Figure 12-6). The transmission can also be started by 
first loading the TXREG and then setting TXEN. Nor- 
mally when transmission is first started, the TSR is 
empty, so a transfer to TXREG will result in an immedi- 
ate transfer to TSR resulting in an empty TXREG. A 
back-to-back transfer is thus possible (Figure 12-8). 
Clearing TXEN during a transmission, will cause the 
transmission to be aborted and will reset the transmitter 


as a result the TX pin will revert to hi-impedance. 


In order to select 9-bit transmission, the TX8/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to the TXD8(TXSTA<0>). The ninth bit must 
be written before writing the 8-bit data to the TXREG. 
This is because a data write to the TXREG can result 
in an immediate transfer of the data to the TSR (if the 
TSR is empty). In such a case, an incorrect ninth data 
bit maybe loaded in the TSR. 


FIGURE 12-6: BLOCK DIAGRAM FOR SCI TRANSMIT 






INTERRUPT 


OO erry 


ew ew wwe ee ee mw ww mn al 


BAUD RATE GENERATOR 
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Steps to follow when setting up a pee enenoue Trans- If 9-bit transmission is desired, then TX8/9 bit 


mission: should be set. 
¢ Initialize the SPBRG register for the appropri- ¢ Enable the transmission by setting TXEN. 
ate baud rate. If a high speed baud rate is ¢ If 9-bit transmission is selected, the ninth bit 
desired, set BRGH to 1. See Section 12.1 for should be loaded in TXD8. 
details. ¢ Load data to the TXREG (starts transmis- 
e Enable the asynchronous serial port by con- sion). 


figuring the bits SYNC = 0 and SPEN = 1. 


e If interrupts are desired, then the TXIE bit 
should be set. 


FIGURE 12-7: ASYNCHRONOUS MASTER TRANSMISSION 


Write to TXREG 


BRG output 
(shift clock) 


TX (pin 
si StartBit_<_BEO_<__ BRT <5 {BRE Step Bit 

rT i 

TXIF bit vee 

(Transmit buffer 

reg. empty flag) 


WORD 1 ——> 
Hatt shitt Transmit Shift Reg 


eg. 20PY ta) (an aaa 


Write to TXREG Se eg ee (ee 
BRG output woes 
Cy a a eV cs Cac ena eS ma a 
TX . | 
id Start Bit_<— BRO BRT Stop Bit \ Start Bit 
——— eq 


TXIF bit ' 
(interrupt reg. flag) ee WORD 


TRMT bit WORD 1——> | WORD 2——> 
(Transmit shift Transmit Shift Reg. Transmit Shift Reg. 


reg. empty flag) 


Note: This timing diagram shows two consecutive transmissions. 





TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION: 


ee 

mt — [pa a 

[ten [Resta | sPEN | cre 

2 a seeeee ee See 


t These bits are reserved on the PIC16C65. 
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12.2.2 SCl ASYNCHRONOUS RECEIVER — 


The receiver block diagram is shown in Figure 12-9. 
The data comes in the RX pin and drives the data 
recovery block. The data recovery block is actually a 
high speed shifter operating at 16 times the baud rate, 
whereas the main receive serial shifter epeletes at the 
bit rate or at Fosc. 


Once the asynchronous mode is seiecied, reception is 
enabled by setting CREN(RCSTA<4>). 


The heart of the receiver is the receive (serial) shift reg- 
ister (RSR). After sampling the stop bit, the received 
data in the RSR is transferred to the RCREG (if it is 
empty). If the transfer is complete, the interrupt bit 
RCIF (PIR1<5>) is set. The actual interrupt can be 
enabled or disabled by the RCIE(PIE1<5>) bit. The 
RCIF is a read only bit which is reset by the hardware. 
It is cleared when the RCREG has been read and is 
empty. The RCREG is a double buffered register, i.e. it 


FIGURE 12-9: BLOCK DIAGRAM FOR SCI RECEIVE 


64X/16X BAUD RATE CLK 


Sta " ( 


Rev shift r 
reg —> en 
Rev buffer reg 


Read Rev 
buffer reg 
_ RCREG . 


RX (pin) 


RCIF 
(interrupt flag) 


OERR bit 
CREN 


is a two deep FIFO. It is possible for two bytes of data 
to be received and transferred to the RCREG FIFO.and 
a third byte begin shifting to the RSR. On the detection 
of the stop bit of the third byte, if the RCREG is still full 
then the overrun error bit, OERR (RCSTA<1>) will be 
set. The word in the RSR will be lost. The RCREG can 
be read twice to retrieve the two bytes in the FIFO. The 
OERR bit has to be cleared in software and this is done 
by resetting the receive logic ( CREN is set). If the 
OERR is set, transfers from the RSR to the RCREG are 
inhibited, so it is essential to clear the OERR iff it is set. 
The framing error bit FERR(RCSTA<2>) is set if a stop 


__, bit is detected as a 0. The FERR and the 9th receive bit 
~ are buffered the same way as the receive data. Read- 


WORD 1 
RCREG 


ing the RCREG, will load the RCD8 and the FERR with 
new values, therefore it is essential for the user to read 
the RCSTA register before reading RCREG in order 
not to lose the old FERR and RCD8 information. 


DATA BUS 


Start Start 
SY bit7/8/ Stop bit (ito ¥ SS Xbitz/e / Stop bit CSS Miitzie/ \oit7/e/ Stop 
it. _ i 
| WORD 24 eg 
RCREG 


Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word, 


causing the OERR (overrun) bit to be set. 
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Steps to follow when setting up a Asynchronous The RCIF bit will be set when reception is 


Reception: complete and an interrupt will be generated if 

° Initialize the SPBRG register for the appropri- ROI eee et one, oe -_ 
ate baud rate. If a high speed baud rate is ¢ Read the RCSTA to get the ninth bit(if 
desired, set BRGH. See Section 12.1 for enabled) and determine if any error occurred 
details. during reception. 

e Enable the asynchronous serial port by con- e Read the 8-bit received data by reading the 
figuring the SYNC = 0 and SPEN = 1. RCREG. 

e If interrupts are desired, then the RCIE bit * If any error occurred, clear the error by clear- 
should be set. ing CREN. 


* If 9-bit reception is desired, then RX8/9-bit 
should be set. 
e Enable the reception by setting CREN. 





TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION 


oxtéh 


Ox8Ch PIE1 : 
Ox98h TXSTA 
Ox99h |SPBRG_ | Baud Rate Register 


t These bits are reserved on the PIC16C65. 


oxi a 
) ~Acie_| 
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12.3 SCI Synchronous Master Mode 


In Master Synchronous mode the data is transmitted in 
a half-duplex manner i.e. transmission and reception 
do not occur at the same time, when transmitting data, 
the reception is inhibited and vice versa. The synchro- 
nous mode is entered by setting the SYNC 
(TXSTA<4>) bit. In addition the SPEN (RCSTA<7>) bit 
is set in order to configure the RC6 and RC7 i/O ports 
to CK (clock) and DT (data) lines respectively. The 
Master mode indicates that the processor transmits the 
master clock on the CK line. The Master mode is 
entered by setting the CSRC (TXSTA<7>) bit. 


12.3.1. SCI SYNCHRONOUS MASTER 
TRANSMISSION 


The SCI transmitter block diagram is shown in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains 
its data from the read/write transmit buffer TXREG. 
The TXREG is loaded with data in software. The TSR 
is not loaded until the last bit has been transmitted from 
the previous load. As soon as the last bit is transmitted, 
the TSR is loaded with new data from the TXREG (if 
available). Once the TXREG transfers the data to the 
TSR(occurs in one Tcycle), the TXREG is empty anda 
interrupt bit, TXIF (PIR1<4>) is set. This interrupt can 
be enabled or disabled by the TXIE bit ( PIE1<4>). 
TXIF will be set regardless of TXIE and cannot be 
cleared in software. It will reset only when new data is 
loaded into the TXREG. While TXIF indicates the sta- 
tus of the TXREG, another bit TRMT(TXSTA<1>) 
shows the status of the TSR. TRMT is a read only bit 
which is set when the TSR is empty. No interrupt logic 
is tied to this bit, so the user has to poll this bit in order 
to determine if the TSR is empty. The TSR is not 
mapped in data memory so it is not available to the 
user. : 


Transmission is enabled by setting the TXEN 
(TXSTA<5>) bit. The actual transmission will not occur 
until the TXREG has been loaded with data. The first 
data bit will be shifted out on the next available rising 
edge of the clock on CK. Data out is stable around the 
falling edge of the synchronous clock (Figure 12-11). 
The transmission can also be started by first loading 
the TXREG and then setting TXEN. This is advanta- 
geous when slow baud rates are selected, since the 
BRG Is kept in reset when TXEN=CREN=SREN = 0. 
Setting the TXEN bit will start the BRG, creating a shift 


clock immediately. Normally when transmission is first - 


started, the TSR is empty, so a transfer to TXREG will 
result in an immediate transfer to TSR resulting in an 
empty TXREG. Back-to-back transfers are possible. 


Clearing TXEN during a transmission, will cause the 
transmission to be aborted and will reset the transmit- 
ter. The DT and CK pins will revert to hi-impedance. If 
either CREN or SREN are set, during a transmission, 
the transmission is aborted and the DT pin reverts toa 
hi-impedance state (for a reception). The CK pin will 


remain an output if CSRC=1 (internal clock). The trans- 
mitter logic however is not reset although it is discon- 
nected from the pins. In order to reset the transmitter, 
the user has to clear TXEN. If the SREN bit is set (to 
interrupt an on going transmission and receive a single 
word), then after the single word is received, the SREN 
will = O and the serial port will revert back to transmit- 
ting since the TXEN bit is still set. The DT line will 
immediately switch from hi-impedance receive mode to 
transmit and start driving. To avoid this, TXEN should 
be cleared. 


In order to select 9-bit transmission, the TX8/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to TXD8(TXSTA<0>). The ninth bit must be 
written before writing the 8-bit data to the TXREG. This 
is because a data write to the TXREG can result in an 
immediate transfer of the data to the TSR (if the TSR is 
empty). If the TSR was empty and the TXREG was 
written before writing the "new" TXD8, the "present" 
value of TXD8 is loaded. 


Steps to follow when setting up a Synchronous Master 


_ Transmission: 


Initialize the SPBRG register for the appropri- 
ate baud rate (see Section 12.1 for details) 
Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 1. 

If interrupts are desired, then the TXIE bit 
should be set. 

If 9-bit transmission is desired, then TX8/9-bit 
should be set. 

¢ Enable the transmission by setting TXEN 
to 1. 

If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

Start transmission by loading data to the 
TXREG. 


PP APS SS TS BS FP TE LT a SE a SE TOT ET ES ETS EE SB ES TT TET SECS EEE 
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TABLE 12-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION: 







ea ae eee eet ERR 
[tan [xn ne_[ xe [xs [xe [xe |e | txt | 190 









a ie 


t These bits are reserved on the PIC16C65. 


FIGURE 12-11: SYNCHRONOUS TRANSMISSION 


ar a Aaa eee eer |asfaa , aia aa fad] sat be perder Pte bs 
DT pin 


CK pin 
Write to 


TXREG or 


Write word1 
TXIF 


(Interrupt flag) 
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Note: Sync master mode; SPBRG = 0. Continuous transmission of two 8 bit words 





FIGURE 12-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN) 
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12.3.2 SCISYNCHRONOUS MASTER. 
RECEPTION | 


Once the synchronous mode is selected, reception is 
enabled by setting either the SREN(RCSTA<5>) bit or 
the CREN(RCSTA<4>). Data is sampled on the DT pin 
on the falling edge of the clock. if SREN is set, then 
only a single word is received, if CREN is set, the 
reception is continuous until CREN is reset. !f both the 
bit are set then CREN takes precedence. After clock- 
ing the last bit, the received data in the Receive Shift 
Register(RSR) is transferred to the RCREG (if it is 
empty). If the transfer is complete, the interrupt bit 
RCIF (PIR1<5>) is set. The actual interrupt can be 
enabled or disabled by the RCIE(PIE1<5>) bit. The 
RCIF is a read only bit which is reset by the hardware. 
In this case it is reset when the RCREG has been read 
and is empty. The RCREG is a double buffered register, 
i.e. it is a two deep FIFO. It is possible for two bytes of 
data to be received and transferred to the RCREG 
FIFO and a third byte to begin shifting into the RSR. On 
the clocking of the last bit of the third byte, if the 
RCREG is still full then the overrun error bit, OERR 
(RCSTA<1>) is set. The word in the RSR will be lost. 
The RCREG can be read twice to retrieve the two bytes 
in the FIFO. The OERR bit has to be cleared in soft- 
ware and this is done by clearing CREN. If the OERR 
is set, transfers from the RSR to the RCREG are inhib- 
ited, so it is essential to clear the OERR if it is set. The 
9th receive bit is buffered the same way as the receive 


data. Reading the RCREG, will load the RCD8 with a 
new value, therefore it is essential for the user to read 
the RCSTA register before reading RCREG in order 
not to lose the old RCD8 information. 


Steps to follow when setting up a Synchronous Master 
Reception: 

Initialize the SPBRG register for the appropri- 
ate baud rate. See section 12.1 for details. 
Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 1. 

CREN= SREN = 0 

lf interrupts are desired, then the RXIE bit 
should be set. 

If 9-bit reception is desired, then RX8/9-bit 
should be set. 

If a single reception is required, set SREN. 
For continuous reception set CREN. 

The RCIF bit will be set when reception is 
complete and an interrupt will be generated if — 
the RCIE bit were set. 

Read the RCSTA to get the ninth bit (if 
enabled) and determine if any error occurred 
during reception. 

Read the 8-bit received data by reading the 
RCREG. 


If any error occurred, clear the error by clear- 
ing CREN. 


TABLE 12-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION: 


Address 
OCh 





















PIR1 | RCIF 




























































|_RCF | 
ih_[ROSTA_| SPEN | ROS | SREN | CREN 
19h  |PCREG RX5 RX4 
sch [PIE ee 
98h |TXSTA | CSRC | 


99h SPBRG Baud Rate Register = 
+ These bits are reserved on the PIC16C65. 


FIGURE 12-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 
agjasjasjayjariagaqajadagasaijadasiadayjagiagjaa|ailaziasiada|aaiasias a|az|asjach ijaz}asjas pilaa|asias lajadadaa| 
DT pin CTBRO CTBT ><BR TRS TERA_ TRS CBRE >CTBIT ) 
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i] i] $ ' t ' UJ 


SREN bit —! | i Seen erent, 
CREN bit 
RCIF bit } . : : : : 
(interrupt) 


Read 
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Note: Timing diagram demonstrates SYNC master mode with SREN = 1 and BRG = 0. 
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12.4 SClSynchronous Slave Mode 


The synchronous slave mode differs from the master 
mode in the fact that the shift clock is supplied exter- 
nally at the CK pin (instead of being supplied internally 
in the master mode). This allows the device to transfer 
or receive data in the SLEEP mode. The slave mode is 
entered by clearing the CSRC(TXSTA<7>) bit. 


12.4.1. SCI SYNCHRONOUS SLAVE TRANSMIT 


The operation of the sync master and slave modes are 
identical except in the case of the SLEEP mode. 


lf two words are written to the TXREG and then the 
SLEEP instruction executed, the following will occur. 
The first word will immediately transfer to the TSR and 
transmit. The second word will remain in TXREG. The 
TXIF will not be set. When the first word has been 
shifted out of TSR, the TXREG will transfer the second 
word to the TSR and the TXIF flag will now be set. If the 
TXIE is enabled, the interrupt will wake the chip from 
SLEEP and if the global interrupt is enabled, then the 
program will branch to the interrupt vector (0004h). 


Steps to follow when setting up a Synchronous Slave 
Transmission: 


e Enable the synchronous slave serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 0. 

e Make CREN = SREN = 0 

If interrupts are desired, then the TXIE bit 

should be set. 

If 9-bit transmission is desired, then TX8/9-bit 

should be set. 

Enable the transmission by setting TXEN to 1. 

If 9-bit transmission is selected, the ninth bit 

should be loaded in TXD8. 


e Start transmission by loading data to the 
TXREG. 


12.4.2 SCISYNCHRONOUS SLAVE RECEPTION 


The operation of the synchronous master and slave 
modes is identical except in the case of the SLEEP 
mode. Also, SREN is a don't care in slave mode. 


lf receive is enabled (CREN) prior to the SLEEP 
instruction, then a word may be received during 
SLEEP. On completely receiving the word, the RSR will 
transfer the data to the RCREG and if the RCIE bit ts 
set, the interrupt generated will wake the chip from 
SLEEP. If the global interrupt is enabled, the program 
will branch to the interrupt vector (0004h). 


Steps to follow when setting up a Synchronous Slave 
Reception: 

e Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 0. 

If interrupts are desired, then the RCIE bit 
should be set. 

If 9-bit reception is desired, then RX8/9-bit 
should be set. 

To enable reception, set CREN = 1. 

The RCIF bit will be set when reception is 
complete and an interrupt will be generated if 
the RCIE bit were set. 

Read the RCSTA to get the ninth bit(if 
enabled) and determine if any error occurred 
during reception. 

Read the 8-bit received data by reading the 
RCREG. 

lf any error occurred, clear the error by clear- 
ing CREN. 


TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION 


OCh PIR1 


18h RCSTA SPEN 


TXIF 


SPBRG __ | Baud Rate Register 


t These bits are reserved on the PIC16C65. 





TXIE 
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RNA NSA ABLE OS EOE NITES DET EIS IE RE SES ES TIE SE EE OIC SB TS BRE ETT ETE EI CREPE ESP CTE LP APS LTTE SEER OEE LSI SE SOD EE GEE OE OE ET EE ITE IE EEE EE EE EE LE SEES EE 


© 1995 Microchip Technology Inc. 


DS30234A-page 2-403 





PIC16C6X 


TABLE 12- 11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION 





r OCh |PIR1 | 


aoe Sore on 
I A 


98h TXSTA 


99h SPBRG Baud Rate Register 


t These bits are reserved on the PIC16C65. 
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13.0 SPECIAL FEATURES OF THE 
CPU 


What sets apart a microcontroller from other proces- 
sors are special circuits to deal with the needs of real 
time applications. The PIC16CXX family has a host of 
such features intended to maximize system reliability, 
minimize cost through elimination of external compo- 
nents, provide power saving operating modes and offer 
code protection. These are: 

1. OSC selection 

2. Reset 

e Power-On Reset (POR) 

¢ Power-Up Timer (PWRT) 

¢ Oscillator Start-Up Timer (OST) 

Interrupts 

Watchdog Timer (WDT) 

SLEEP 

Code protection 

ID locations 

In-circuit serial programming 

The PIC16CXX has a watchdog timer which can be 
shut off only through configuration bits. It runs off its 
own FC oscillator for added reliability. There are two 
timers that offer necessary delays on power-up. One is 


2 SD OS 


FIGURE 13-1: 


the oscillator start-up timer (OST), intended to keep the 
chip in reset until the crystal oscillator is stable. The 
other is the power-up timer (PWRT), which provides a 
fixed delay of 72ms (nominal) on power up only, 
designed to keep the part in reset while the power sup- 
ply stabilizes. With these two timers on-chip, most 
applications need no external reset circuitry. 


The SLEEP mode is designed to offer a very low cur- 
rent power-down mode. The user can wake up from 
SLEEP through external reset, watchdog timer 
time-out or through an interrupt. Several oscillator 
options are also made available to allow the part to fit 
the application. The RC oscillator option saves system 
cost while the LP crystal option saves power. A set of 
configuration bits are used to select various options. 


13.1 Configuration Bits 


The configuration bits can be programmed (read as '0') 
or left unprogrammed (read as '1') to select various 
device configurations. These bits are mapped in pro- 
gram memory location 2007h. 


The user will note that address 2007h is beyond the 
user program memory space. In fact, it belongs to the 
special test/configuration memory space (2000h - 
3FFFh), which can be accessed only during program- 
ming. 


CONFIGURATION WORD FOR PIC16C65 AND PIC16C64 ONLY 


Register: CONFIG 
Address: 2007h 


TEE EE F- [om [oro]eware| wore ase 


bit13 bitO 
FOSC<1:0>: OSC selection bits. 
11: RC oscillator 
10: HS oscillator 
01: XT oscillator 
00: LP oscillator 
WDTE: WDT enable bits. 
1 = WDT enabled 
0 = WDT disabled 
PWRTE: Power-up timer enable bits. 
1 = power-up time enabled 
O = power-up timer disabled 
CP<1:0>: Code protection bits. 
11: Code protection off 
10: Upper half of program memory 
code protected 
: Upper 3/4th of program memory 
code protected 
0: All memory is code protected 
Unimplemented. 


© 
—_ 
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FIGURE 13-2: CONFIGURATION WORD FOR PIC16C61 ONLY 


Register: CONFIG 
Address: 2007h 


[=| -[-]-}- | - | - | -] ~ | crojeware|wore - 





FOSC<1:0>: OSC selection bits. 
11: RC oscillator 
10: HS oscillator 
01: XT oscillator 
00: LP oscillator 


WDTE: WOT enable bits. 
1 = WDT enabled 
0 = WDT disabled 


PWRTE: Power-up timer enable bits. 
1 = power-up timer enabled 
0 = power-up timer disabled 


CPO: Code protection bits. 

1 = Code protection off 

0= All memory is code protected 
But 0 - 3FH is writable. 


Unimplemented. 
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13.2 Oscillator Configurations 
13.2.1 OSCILLATOR TYPES 


The PIC16CXX can be operated in four different oscil- 
lator options. The user can program two configuration 
bits (FOSC1 and FOSCO) to select one of these four 
modes: 


e LP Low Power Crystal 
e XT Crystal/Resonator 
e HS High Speed Crystal/Resonator 
e RC Resistor/Capacitor 


13.2.2 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS 


In XT, LP or HS modes a crystal or ceramic resonator 
is connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 13-3). The PIC16CXX Oscillator 
design requires the use of a parallel cut crystal. Use of 
a series cut crystal may give a frequency out of the 
crystal manufacturers specifications. When in XT, LP or 
HS modes, the device can have an external clock 
source to drive the OSC1 pin. This is shown in 
Figure 13-4. 


FIGURE 13-3: CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP OSC 
CONFIGURATION) 


To internal 


logic 


PIC16CXX 


See Table 13-1, Table 13-2, Table 13-3 and 
Table 13-4 for recommended values of C1 and C2. 


Note 1: A series resistor may be required for AT 
strip cut crystals. 





FIGURE 13-4: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION) 


Clock from OSC1 


ext. system PIC16CXX 


Open OSC2 





TABLE 13-1: CERAMIC RESONATORS 
PIC16C65/PIC16C64 


Ranges Tested: 


| Freq | _osci_| 


XT 455kHZ 
4.0MHz 

HS 8.0MHz 
16.0MHz 


68 - 100 pF 68 - 100 pF 
15 - 68 pF 15 - 68 pF 
15 - 68 pF 15 - 68 pF 
10 - 68 pF 10 - 68 pF 

10 - 22 pF 10 - 22 pF 
Recommended values of C1 and C2 are identical! 

to the ranges tested table. 


Higher capacitance increases the stability of oscil- 
lator but also increases the start-up time. These 
values are for design guidance only. Since each 
resonator has its own characteristics, the user 
should consult the resonator manufacturer for 
appropriate values of external components. 



















Resonators Used: 


455kHz _| Panasonic EFO-A455K04B 
2.0MHz__ | Murata Erie CSA2.00MG 





Murata Erie CSA4.00MG 
8.0MHz__ | Murata Erie CSA8.00MT 
16.0MHz_ | Murata Erie CSA16.00MX 


All resonators used did not have built-in capacitors. 









TABLE 13-2: CERAMIC RESONATORS 
PIC16C61 


Ranges Tested: 


68-100 pF |68-100 pF 
15-68pF |15-68pF 
4.0MHz |15-68pF |15-68pF 


HS 8.0MHz 10 - 68 pF 10 - 68 pF 
16.0MHz 10 - 22 pF 10 - 22 pF 

Recommended values of C1 and C2 are identical 
to the ranges tested table. 
Higher capacitance increases the stability of oscil- 
lator but also increases the start-up time. These 
values are for design guidance only. Since each 
resonator has its own characteristics, the user 


should consult the resonator manufacturer for 
appropriate values of external components. 

















Resonators Used: 


16.0MHz 
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TABLE 13-3: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR FOR 
PIC16C65 AND PIC16C64 


Cie. e exe 
| 32kHz§ 33 - 68 33-68 pF 33 - 68 33-68 pF 
200kHz 15 - 47 pF 15 - 47 pF 


100kHz | 47- 100 pF 47 - 100 pF 

















4MHz 15 - 33 pF 15 - 33 pF 


HS 8MHz 15 - 47 pF 15 - 47 pF 
20MHz 15 - 47 pF 15 - 47 pF 
Note: Higher capacitance increases the stability of oscil- 
lator but also increases the start-up time. These 
values are for design guidance only. Rs may be 
required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specifica- 
tion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 
For VDD > 4.5V, C1 = C2 = 30pf is recommended. 


TABLE 13-4: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR FOR 
PIC16C61 ONLY 


ci eee 
| 32kHz§ | 33-68pF | 33-68pF 
200kHz | 15-47pF | 15-47 pF 









HS 8MHz 15 - 47 pF 
20MHz 15 - 47 pF 15-47 pF | 
Note: Higher capacitance increases the stability of oscil-. 
lator but also increases the start-up time. These 
values are for design guidance only. Rs may be 
required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specifica- 
tion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 


appropriate values of external components. 
For VDD > 4.5V, C1 = C2 = 30pf is recommended. 


13.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT | 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types 
of crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 








Figure 13-5 shows implementation of a parallel reso- 
nant oscillator circuit. The circuit is designed to use the 
fundamental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a par- 
allel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 10 kQ potenti- 
ometer biases the 74AS04 in the linear region. This 
could be used for external oscillator designs. 


FIGURE 13-5: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
_ OSCILLATOR CIRCUIT 


To Other 
Devices 


PIC16CXX 


20pF i 20pF 


Figure 13-6 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre- 
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 330 resistors provide the negative feed- 
back to bias the inverters in their linear region. 


FIGURE 13-6: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


. To Other 


Devices BIC 16CXX 


13.2.4 RC OSCILLATOR 


For timing insensitive applications the. “RC” device 
option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voitage, the resis- 
tor (Rext) and capacitor (Cext) values, and the operat- 
ing temperature. In addition to this, the oscillator 
frequency will vary from unit to unit due to normal pro- 
cess parameter variation. Furthermore, the difference 
in lead frame capacitance between package types will 
also affect the oscillation frequency, especially for low 
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Cext values. The user also needs to take into account 
variation due to tolerance of external R and C compo- 
nents used. Figure 13-7 shows how the R/C combina- 
tion is connected to the PIC16CXX. For Rext values 
below 2.2 kQ, the oscillator operation may become 
unstable, or stop completely. For very high Rext values 
(e.g. 1 MQ), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3 kQ and 100 kQ. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
capacitances, such as PCB trace capacitance or pack- 
age lead frame capacitance. 


See characterization data for desired device for RC fre- 
quency variation from part to part due to normal pro- 
cess variation. The variation is larger for larger R (since 
leakage current variation will affect RC frequency more 
for large R) and for smaller C (since variation of input 
capacitance will affect RC frequency more). 


See characterization data for desired device for varia- 
tion of oscillator frequency due to VDD for given 
Rext/Cext values as well as frequency variation due to 
operating temperature for given R, C, and VoD values. 


The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur- 
poses or to synchronize other logic (see Figure 3-4 for 
waveform). 


FIGURE 13-7: RC OSCILLATOR MODE 





Internal 
clock 


PIC16CXX 


OSC2/CLKOUT 


13.3 Reset 


The PIC16CXxX differentiates between various kinds of 
reset: 


a) Power-on reset (POR) 

b) MCLR reset during normal operation 

c) MCLR reset during SLEEP 

d) WOT time-out reset during normal operation 
e) WOT time-out reset during SLEEP 


Some registers are not affected in any reset condition: 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a “reset 
state” on power-on reset (POR), on MCLR or WDT 
reset during normal operation and on MCLR reset dur- 
ing SLEEP. They are not affected by a WDT reset dur- 
ing SLEEP, since this reset is viewed as the resumption 
of normal operation. TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Table 13-6 and Figure 13-7. These bits are used in soft- 
ware to determine the nature of reset. See Table 13-9 
for a full description of reset states of all registers. 


A simplified block diagram of the on-chip reset circuit is 
shown in Figure 13-8. 
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13.4 Power-On Reset (POR), | 
Power-Up-Timer (PWRT) and 
Oscillator Start-up Timer (OST) | 


13.4.1 POWER-ON RESET (POR) 


A Power-On Reset pulse is generated on-chip when 
VpD rise is detected (in the range of 1.6V - 1.8V). To 
take advantage of the POR, just tie MCLR pin directly 
(or through a resistor) to VDD. This will eliminate exter- 
nal RC components usually needed to create 
Power-On Reset. A maximum rise time for VoD is 
required. See Electrical Specifications for details. 


The POR circuit does not produce internal reset when 
VbD declines. 


13.4.2 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 72ms nominal 
time-out on power-up only, from POR. The power-up 
timer operates on an internal RC oscillator. The chip is 
kept in reset as long as PWRT is active. The PWRT 





SLEEP 
WDT | WDT i 
Module [Time Out 


Reset 


delay allows the VDD to rise to an acceptable level. A 
configuration bit, PWRTE can enable (if set) or disable 
(if cleared Or programmed) the power-up timer. 

The Power-Up Time delay will vary from chip to chip 


and due to VDD, temperature, and process variation. 
See DC parameters for details. 


13.4.3 OSCILLATOR START-UP TIMER (OST) 


The Oscillator Start-Up Timer (OST) provides 1024 
oscillator cycle (from OSC1 input) delay after the 
PWRT delay is over. This guarantees that the crystal 
oscillator or resonator has started and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes ‘and only on power-on reset or wake-up from 
SLEEP. 


FIGURE 13-8: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


| > 
detect Power_On_Reset 


OST/PWRT oe | 
oor Chip_Reset 
- f> 10 bit Ripple counter - ——, 


= . in, Lo 
Ao Oee > 10 bit Ripple counter a 





Power_Up and PWRTE 

(Enable the PWRT timer 

only if it is Power_Up and power_on timer 
fuse is enabled) 


teosblo the + Wake_Up) (XT + LP + HS) 
Enable the OST if it is ee or Wake_Up 
from SLEEP and OSC type is XT or LP or HS) 


t This is a separate oscillator from 
the RC oscillator of the CLKIN pin. 


Enable P NAT | 


Enable OST 
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13.4.4 TIME-OUT SEQUENCE 


On power-up the time-out sequence Is as follows: First 
PWRT time-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE bit status. For 
example, in RC mode with PWRTE bit cleared (PWRT 
disabled), there will be no time-out at all. Figure 13-9, 
Figure 13-10, and Figure 13-11 depict time-out 
sequences on power up. 


TABLE 13-5: TIME-OUT IN VARIOUS 
SITUATIONS 


Oscillator Wake up 


Configura- | PWRTE=1|PWRTE=0 | from 
tion : SLEEP 


XT, HS, LP 72 Ms + 1024Tosc | 1024 Tosc 
1024Tosc 
RC Cid72ms— || OS | Cl Cr 


Since the time-outs occur from the POR pulse, if MCLR 
is kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately 
(see Figure 13-10). This is useful for testing purposes 
or to synchronize more than one PIC16CXX device 
operating in parallel. 






















Table 13-8 shows the reset conditions for some special 
registers, while Table 13-6 shows the reset conditions 
for all the registers. 


13.4.5 POWER CONTROL/STATUS REGISTER 
(PCON) 


. The power control/status register, PCON (address 8Eh) 
has only one bit. 


Bitt is POR (Power-on-reset). It is cleared on 
power-on-reset and unaffected otherwise. The user 
must set this bit following power-on-reset. On a subse- 
quent reset if POR is cleared, it will indicate that a 
Power-On Reset must have occurred VDD may have 
gone too low). 


TABLE 13-6: STATUS BITS ANDTHEIR 
SIGNIFICANCE FOR PIC16C65 
AND PIC16C64 





































X Illegal, PD is set on POR 
1 
SLEEP 
TABLE 13-7: STATUS BITS AND THEIR 
Power-on reset 
MCLR reset during normal operation 


Power-on reset 
1 |WODT reset during normal opera- 
tion 
1 1 1 |MCLR reset during normal oper- 
ation 
SIGNIFICANCE FOR PIC16C61 
1 |WODT reset during normal operation 
ee MCLR reset during SLEEP or interrupt 


FO X_| Illegal, TO is seton POR 
0 Q !WODT timeout wakeup from 
1 1 MCLR reset during SLEEP or 
interrupt wake-up from SLEEP 
Li 
| 0 | 0 |WDT timeout wakeup from SLEEP 
u 
1 
wake-up from SLEEP 






Legend: u = unchanged 


TABLE 13-8: RESET CONDITION FOR SPECIAL REGISTERS 












Power-On Reset 


MCLR reset during normal operation 
MCLR reset during SLEEP 

WDT reset during normal operation 
WDT during SLEEP 

Interrupt wake-up from SLEEP 





PCL 
Addr: 02h 


oon P00 tee PO 













STATUS 
Addr: 03h 


PCON on 
PIC16C65 and 
PIC16C64 only 
Addr: 8Eh 


Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0' 
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
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TABLE 13-9: INITIALIZATION CONDITIONS FOR ALL REGISTERS 


MCLR Reset during: 
— normal operation 
— SLEEP 

WDT timeout during nor- 
mal operation 















Wake up from SLEEP 
through interrupt 

_ | Wake up from SLEEP 
through WDT timeout 
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Legend: u =unchanged, xX = unknown, - = unimplemented bit, readas'‘0', ? = value depends on condition 
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
3: See Table 13-8 for reset value for specific condition. 
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TABLE 13-9: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED) 


MCLR Reset during: 
— normal operation 
~ SLEEP 

WDT timeout during nor- 
mal operation 


T14i4. 4774 uuuu uuu 


ee ee 
ae 


Legend: u =unchanged, x = unknown, - = unimplemented bit, read as'‘0', ? = value depends on condition 
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
3: See Table 13-8 for reset value for specific condition. 
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through interrupt 
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| FIGURE 13-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): CASE 1 | 
Vop 


MCLR 


INTERNAL POR 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET ee tS” 


Vppb 


MCLR 


INTERNAL POR 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET 


Vpp 


MCLR 


INTERNAL POR 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET 
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FIGURE 13-12: EXTERNAL POWER-ON FIGURE 13-13: BROWN-OUT PROTECTION 
RESET CIRCUIT (FOR SLOW CIRCUIT 1 
Vpp POWER-UP) 


MCLR 


PIC16CXX 
PIC16CXX 


Note: 


1. This circuit will activate reset when VoD 
goes below (Vz + 0.7V) where Vz = Zener 
voltage. 


Note: 


External power-on reset circuit is required 
only if VDD power-up slope is too slow. The 
diode D helps discharge the capacitor 
quickly when VDD powers down. 


R < 40KQ is recommended to make sure 
that voltage drop across R does not exceed 
0.2V (max leakage current spec on MCLR 
pin is 5A). A larger voltage drop will 
degrade VIH level on MCLR pin. 

R1 = 100Q to 1KQ will limit any current flow- 
ing into MCLR from external capacitor C in 
the event of MCLR pin breakdown due to 
ESD or EOS. 





FIGURE 13-14: BROWN-OUT PROTECTION 
CIRCUIT 2 





MCLR 


PIC16CXX 


Note: 


This brown-out circuit is less expensive, 
albeit less accurate. Transistor Q1 turns off 
when VDD is below a certain level such 
that: 


R1 
© el 0.7V. 
VOD° —a7Rp 
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13.5 Interrupts 
The PIC16C6X family has up to 12 sources of interrupt: 









Interrupt sources: 






External interrupt RBO/INT 
TMRO overflow interrupt 


PORTB change interrupts (pins 
RB<7:4>) 


[CCP interrupt 


SCI asynchronous transmit and 
receive 


Synchronous serial port interrupt |X| X|] | 
Parallel slave port read/write interrupt ee Ke al 


The interrupt control register (INTCON) records individ- 
ual interrupt requests in flag bits. It also has individual 
and global interrupt enable bits. 


A global interrupt enable bit, GIE (INTCON<7>) 
enables (if set) all un-masked interrupts or disables (if 
cleared) all interrupts. Individual interrupts can be dis- 
abled through their corresponding enable bits in 
INTCON register. GIE is cleared on reset. 


=e xe ec 
pepe |= a eve 
LETT xi ries 


The “return from interrupt” instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit, which 
re-enable interrupts. 


The INT pin interrupt, the RB port change interrupt and 
the TMRO overflow interrupt flags are contained in the 
INTCON register. 


The peripheral interrupt flags are contained in the spe- 
cial register PIR1. The corresponding interrupt enable 
bits are contained in special register PIE1 and the 
peripheral interrupt enable bit is contained in special 
register INTCON. 


When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is 
pushed into the stack and the PC is loaded with 0004h. 
Once in the interrupt service routine the source(s) of 
the interrupt can be determined by polling the interrupt 
flag bits. The interrupt flag bit(s) must be cleared in soft- 
ware before re-enabling interrupts to avoid recursive 
interrupts. 





When an interrupt is responded to, the GIE is cleared to 
disable any further interrupt, the return address is 
pushed into the stack and the PC is loaded with 0004h. 
For external interrupt events, such as the INT pin or 
PORTB change interrupt, the interrupt latency will be 
three or four instruction cycles. The exact latency 


depends when the interrupt event occurs (see 


Figure 13-17). The latency is the same for one or two 
cycie instructions. Once in the inierrupi service routine 
the source(s) of the interrupt can be determined by poll- 
ing the interrupt flag bits. The interrupt flag bit(s) must 
be cleared in software before re-enabling interrupts to 
avoid infinite interrupt requests. Individual interrupt flag 
bits are set regardless of the status of their correspond- 
ing mask bit or the GIE bit. 
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FIGURE 13-15: INTERRUPT LOGIC FOR PIC16C65 AND PIC16C64 


TMAIIF z= 
TMARIIE 
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SSPIF 
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FIGURE 13-16: INTERRUPT LOGIC FOR PIC16C61 





TOIF 
TOIE 


INTF 
INTE 


RBIF 
RBIE 


GIE 


Wakeup 
(if in SLEEP mode) 


Interrupt 
to CPU 


“Not physically implemented on the PIC16C64. 


Wakeup 
(if in SLEEP mode) 


Interrupt 
to CPU 
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FIGURE 13-17: INT PIN INTERRUPT TIMING . 
, Q1| Q2| Q3] Q4: Q1| Q2] Q3}/ Q4: Q1] Q2| Q3] Q4: Q1| Q2] Q3| Q4: Q1| Q2| Q3| a4: 


CLKOUT(3) 


INT pin 
INTF flag 
(INTCON<1>) 


GIE bit 
(INTCON<7> 


INSTRUCTION ELOW 
PC 
instruction { 


' 
t 
‘ 


fetched Inst (0004h) Inst (0005h) 


Instruction { ™—Dummy Cycle Dummy Cycle Inst (0004h) 


executed 4 | a a 


Notes: 
1. INTF flag is sampled here (every Q1) 
2. Interrupt latency = 3-4Tcy where Tcy = instruction cycle time. 

Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 
3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 
5. INTF is enabled to be set anytime during the Q4-Q1 cycles. 





13.5.1. INT INTERRUPT 13.5.2 TMRO INTERRUPT 


External interrupt on RBO/INT pin is edge triggered: An overflow (FFh > 00h) in the TMRO will set the TOIF 
either rising if INTEDG bit (OPTION<6>) is set, or fall- » (INTCON<2>) bit. The interrupt can be enabled/dis- 
ing, if INTEDG bit is clear. When a valid edge appears abled by setting/clearing TOIE (INTCON<5>) bit. For 
on the INT pin, the INTF bit (INTCON<1>) is set . This operation of the TMRO module, see Section 7.0. 


interrupt can be disabled by clearing the INTE control 
bit (INTCON<4>). The INTF bit must be cleared in soft- 
ware in the interrupt service routine before re-enabling 
this interrupt. The INT interrupt can wake up the pro- 
cessor from SLEEP, if the INTE bit was set prior to 
going into SLEEP. The status of the GIE bit decides 
whether or not the processor branches to the interrupt 
vector following wake-up. See Section 13.8 for details 
on SLEEP mode. 


=—__—— SSS SSS 
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13.5.3 PORTB INTCON CHANGE 


An input change on PORTB <7:4> sets the RBIF 
(INTCON<0>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing the RBIE (INTCON<4>) bit. 
For operation of PORTB, see Section 5.2. 





13.6 Context Saving During Interrupts 


During an interrupt, only the return PC value is saved 
on the stack. Typically, users may wish to save key reg- 
isters during an interrupt e.g. W register and STATUS 
register. This will have to be implemented in software. 


Example 13-1 and Example 13-2 store and restore the 
STATUS and W registers. For PIC16C65 and 
PIC16C64, the register, W_TEMP, must be defined in 
both banks and must be defined at the same offset from 
the bank base address (i.e., if W_TEMP is defined at 
0x20 in bank 0, it must also be defined at OxA0 in bank 
1). For PIC16C65 and PIC16C64, the user register, 
STATUS_TEMP, must be defined in bank 0. 


The example: 

¢ Stores W register 

¢ Stores STATUS register in bank 0 

e Executes ISR code 

¢ Restores STATUS (and bank select bit) register 
e Restores W register 


EXAMPLE 13-1: SAVING STATUS AND W REGISTERS IN RAM (PIC16C65 AND PIC16C64) 


MOVWF W_TEMP ; Copy W to TEMP register, could be bank one or zero 
SWAPF  STATUS,W ; Swap status to be saved into W 
BCF STATUS, RPO ; Change to bank zero, regardless of current bank 
MOVWF STATUS_TEMP ; Save status to bank zero STATUS_TEMP register 
(ISR) 
SWAPF STATUS_TEMP,W ; Swap STATUS_TEMP register into W (sets bank to 
; Original state) 
MOVWF STATUS ; Move W into STATUS register 
SWAPF W_TEMP,F ; Swap W_TEMP 
SWAPF W_TEMP,W ; Swap W_TEMP into W 


EXAMPLE 13-2: SAVING STATUS AND W REGISTERS IN RAM (PIC16C61) 


MOVWF W_TEMP ; Copy W to TEMP register 

SWAPF STATUS,W ; Swap status to be saved into W 

MOVWF STATUS_TEMP ; Save status to STATUS_TEMP register 
(ISR) 

SWAPF STATUS_TEMP, W ; Swap STATUS_TEMP register into W 

MOVWE STATUS ; Move W into STATUS register 

SWAPF W_TEMP,F ; Swap W_TEMP 

SWAPF W_TEMP,W ; Swap W_TEMP into W 


© 1995 Microchip Technology Inc. 


DS30234A-page 2-419 





PIC16C6X 





13.7 Watchdog Timer.(WDT) 


The watchdog timer is realized as a free running 


on-chip RC oscillator which does not require any exter- 
nal components. This RC oscillator is separate from the 
RC oscillator of the CLKIN pin. That means that the 
WDT will run, even if the clock on the OSC1 and OSC2 
pins of the device has been stopped, for example, by 
execution of a SLEEP insiruction. During normai oper- 
ation, aWDT time-out generates a device RESET. If the 
device is in SLEEP mode, a WDT timeout causes the 
device to wake-up and continue with normal operation. 
The WDT can be permanently disabled by program- 
ming the configuration fuse WDTE as a ‘0' 
(Section 13.1). 


13.7.1 WDT PERIOD 


The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 


FIGURE 13-18: WATCHDOG TIMER BLOCK DIAGRAM 


From TMRO Clock Source 
(see Figure 7-6) 


Watchdog 
Timer | 


WDT 
Enable Bit 


assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out pee up to 
2.3 seconds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler, if assigned to the WDT, and prevent 
it from timing out and aan a re RESET c con- 


dition. 


The TO bit in the STATUS register will be siesiad upon 
a watchdog timer time-out. 


13.7.2 WDT PROGRAMMING CONSIDERATIONS 


It should also be taken in account that under worst case 
conditions (VDD = Min., Temperature = Max., max. WDT 
prescaler) it may take several seconds before a WDT 
time-out occurs. 


PSO - PS2 


To TMRO (see Figure 7-6) 


WDT 
Time-out 


Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 





FIGURE 13-19: SUMMARY OF WATCHDOG TIMER REGISTERS 


aa a OT 


'2007h_ Config. bits 
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13.8 | Power-Down Mode (SLEEP) 


The Power-Down mode is entered by executing a 
SLEEP instruction. 


lf enabled, the Watchdog Timer will be cleared but 
keeps running, the PD bit in the STATUS register is 
cleared, the TO bit is set, and the oscillator driver is 
turned off. The I/O ports maintain the status they had, 
before the SLEEP command was executed (driving 
high, low, or hi-impedance). 


For lowest current consumption in this mode, all I/O 
pins should be either at VDD, or Vss, with no external 
circuitry drawing current from the 1/O pin, disable exter- 
nal clocks. I/O pins that are hi-impedance inputs should 
be pulled high or low externally to avoid switching cur- 
rents caused by floating inputs. The TOCKI input should 
also be at VDD or Vss for lowest current consumption. 
The contribution from on chip pull-ups on PORTB 
should be considered. 


The MCLR pin must be at a logic high level (VIHMc). 


It should be noted that a RESET generated by a WDT 
time-out does not drive MCLR pin low. 


13.8.1. WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of 

the following events: 

1. External reset input on MCLR pin 

2. Watchdog timer time-out reset (if WDT was 
enabled) 

3. Interrupt from INT pin, RB port change, or some 
Peripheral Interrupts. 


The following peripheral interrupts can wake-up from 
SLEEP: 





OSC1 


CLKOUT(4) 


INT pin 

INTF flag 

ee >)! 
IE bit 


FIGURE 13-20: WAKE-UP FROM SLEEP THROUGH INTERRUPT 


1. TMR1 interrupt. Timeri must be operating as 
an asynchronous counter. 


2. SSP (Start/Stop) bit detect interrupt. 
3. CCP capture mode interrupt. 
4. Parallel Slave port read or write. 


Other peripherals can not generate interrupts since 
during SLEEP, no on-chip Q clocks are present. 


The first event will cause a device reset. The two latter 
events are considered a continuation of program exe- 
cution. The TO and PD bits in the STATUS register can 
be used to determine the cause of device reset. PDbit, 
which is set on power-up is cleared when SLEEP is 
invoked. TO bit is cleared if WDT time-out occurred 
(and caused wake-up). 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless of the state of the GIE bit. If the GIE bit is 
clear (disabled), the device continues execution at the 
instruction after the SLEEP instruction. If the GIE bit is 
set (enabled), the device executes the instruction after 
the SLEEP instruction and then branches to the inter- 
rupt address (0004h). In cases where the execution of 
the instruction following SLEEP is not desirable, the 


user should have a NOP after the SLEEP instruction. 





sleep, regardless of the source of wake-up. 


nad AZ rh 
4 


' tost(2) | 


Interrupt Latency (2 


(INTCON<7>):—SOSO*~CS~=‘<;7]DStS”S”CRroeesson 


INSTRUCTION FLOW 
PC 


Instruction 
fetched 


Instruction 
executed 


Inst (PC+1) 


Inst (PC) =SLEEP | 
| SLEEP 


Inst (PC-1) 


Note 1: XT or LP oscillator mode assumed. 


‘in SLEEP! ! 


i 


Inst (PC+2) , 


Inst (PC+1) Dummy Cycle 


2: tost = 1024tosc (drawing not to scale). This delay will not be there for RC osc mode. 
3: When GIE = 0 processor jumps to interrupt routine after wake-up. If GIE = 1, execution will continue in line. 
4: CLKOUT is not available in these osc modes, but shown here for timing reference. 





el 
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13.9 Code Protection 


The code in the program memory can be protected by 
programming the code protect bits. 


The PIC16C65 and PIC16C64 each have two code pro- 
tect bits (CP<1:0>) and the PIC16C61 has one code 
protect bit (CP<0>). 


The PIC16C65 and PIC16C64 code protection scheme 
allows the user to selectively protect portions of the pro- 
gram memory. Refer to Figure 13-1 for code protection 
bit assignments for the PIC16C65 and PIC16C64. 
Once a segment has been code protected, those mem- 
ory locations cannot be further programmed. Unpro- 
tected segments can be read and reprogrammed. 


The PIC16C61 has one code protection bit, CPO (refer 
to Figure 13-2). When code protection is enabled, all 
locations 40h and above cannot be reprogrammed. The 
first 64 locations, OOh — 3Fh, can be reprogrammed. 


The configuration word and ID locations are not code 
protected for all devices. 


13.10 ID Locations 


Four memory locations (2000h - 2003h) are designated 
as ID locations where the user can store checksum or 
other code-identification numbers. These locations are 
not accessible during normal execution but are read- 
able and writable during program/verify. Only the 4 least 
significant bits of ID location are usable. 





13.11 _In-Circuit Serial Programming 


The PIC16CXX microcontrollers can be serially pro- 
grammed while in the end application circuit. This is 
simply done with two lines for clock and data, and three 
other lines for power, ground, and the programming 
voltage. This allows customers to manufacture boards ~ 
with unprogrammed devices, and then program the 
microcontroller just before shipping the product. This 
also allows the most recent firmware or a custom firm- 
ware to be programmed. 


The. device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (VPP) pin from Vit to ViIHH (see programming 
specification). RB6 becomes the programming clock 
and RB7 becomes the programming data. Both RB6 
and RB7 are Schmitt trigger inputs in this mode. 





After reset, to place the device into programming/verify 
mode, the program counter (PC) is at location OOh. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program data are then 
supplied to or from the device, depending if the com- 
mand was a load or a read. For complete details of 
serial programming, please refer to the PIC16C6X/7X 
Programming Specifications (Literature #DS30228). 


A typical in-system serial programming connection is 
shown in Figure 13-21. 


FIGURE 13-21: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 


To Normal 
External Connections 


Connector 
Signals 


PIC16CXX 


To Normal 
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14.0 INSTRUCTION SET SUMMARY 


Each PIC16CXxX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16CXX instruction set 
summary in Table 14-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 14-1 shows the 
opcode field descriptions. 


For byte-oriented instructions, ‘f' represents a file regis- 
ter designator and ‘d' represents a destination designa- 
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If 'd’ is one, the result is placed 
in the file register specified in the instruction. 


For bit-oriented instructions, 'b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while ‘f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an eight 
or eleven bit constant or literal value. 


TABLE 14-1: OPCODE FIELD 
DESCRIPTIONS 


Feta] ___—~Desarnion 
f [Register fie address 00010 O7F) 


Literal field, constant data or label 
























Don't care location (= 0 or 1) 
The assembler will generate code with x = 0. It is the 
recommended form of use for compatibility with all 
software tools. 


Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 





Default is d = 1 


sbei label name 
zc 
zati Program Counter H@ghLatoh 


te 


a 


om, pony 


Power-down Bit 


register file location 

Options 
: 
= 


italics | User defined term (font is courier) 


— 


The instruction set is highly orthogonal and is grouped 
into three basic categories: 


e Byte oriented operations 
e Bit oriented operations 
¢ Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the pro- 
gram counter is changed as a result of an instruction. In 
this case, the execution takes two instruction cycles 
with the second cycle executed as a NOP. One instruc- 
tion cycle consists of four oscillator periods. Thus, for 
an oscillator frequency of 4 MHz, the normal instruction 
execution time is 1 psec. If a conditional test is true or 
the program counter is changed as a result of an 
instruction, the instruction execution time is 2 usec. 


Table 14-2 lists the instructions recognized by the 
MPASM assembler. 


Figure 14-1 shows the three general formats that the 
instructions can have. 





All examples use the following format to represent a 
hexadecimal number: 


Oxhh 
where h signifies a hexadecimal digit. 


FIGURE 14-1: GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 


13 8 7 6 0 


OPCODE | d | f (FILE #) 


d = 0 for destination W 
d = 1 for destination f 
f = 7-bit file register address 


Bit-oriented file register operations 
13 10 9 7 6 0 


OPCODE b (BIT #)| —f (FILE #) 


3-bit bit address 
7-bit file register address 


b 
f 


Literal and control operations 
13 8 7 0 


OPCODE k (literal) 


k = 8-bit immediate value 











© 1995 Microchip Technology Inc. 


DS30234A-page 2-423 





PIC16C6X 





TABLE 14-2: PIC16CXX INSTRUCTION SET 


Mnemonic, Description 14-Bit Opcode | Status 
oe [msb iis eve 

















ADDWF f,d | AddW andf 1 00 0111 dfff FEE] C,DC,Z | 1,2 
ANDWF f,d | AND W and f 1 00 0101 dfff fff] Z 1,2 
CLRF f Clear f 1 00 0001 1fff fffE|Z 2 
CLRW - Clear W 1 00 0001 Oxxx xxxx]| Z 

COMF f,d | Complement f 1 00 1001 dfff £ffff|Z 1,2 
DECF f,d | Decrement f 1 00 0011 dfff ffff|Z 1,2 
DECFSZ _f,d_ | Decrement f, Skip if 0 1(2) |00 1011 dfff ££ffE 1,2,3 
INCF f,d | Increment f 1 OO. 2010: sdfte £Ler re ~ Ae Re 
INCFSZ f,d | Increment f, Skip if 0 1(2) | 00 LLL: AGEL -£EEE 1,2,3 
iORWF f,d | Inclusive OR W and f 1 00 0100 dfff fffF|Z 1,2 
MOVF f,d | Move f 1 00 1000 dfff £fffE|Z 1,2 
MOVWF f Move W to f 1 00 0000 1fff £ffff 

NOP - No Operation 1 00 0000 Oxx0 0000 

RLF f,d | Rotate left through carry 1 00 1101 dfff £ff£|C 1,2 
RRF f,d | Rotate right f through carry 1 00 1100 dfff ffff|C 1,2 
SUBWF f,d | Subtract W from f 1 00 0010 dfff fff] C,DC,Z 1,2 
SWAPF f,d | Swap nibbles in f 1 00 1110 Gffft ££EE 1,2 
XORWF f,d | Exclusive OR W and f 1 


00 0110 afte £fFE| Z 1,2 


Bit Clear f 01 OObb bfffF ffff 
BSF Bit Set f O01 Olbb bfFE fff 
BTFSC Bit Test f, Skip if Clear 01 10bb -bftf EEL 
BTFSS . O01 libb bfff ffff 


| Add literal to W 
ANDLW AND literal to W 
CALL | Call subroutine 
CLRWDT Clear watchdog timer 
GOTO Go to address 
lIORLW Inclusive OR literal to W 
MOVLW Move literal to W 
RETFIE Return from interrupt 
RETLW Return with literal in W 
| RETURN Return from subroutine 
SLEEP Go into standby mode 
SUBLW Subtract W from literal 
XORLW Excl. OR literal to W 


Note 1: When an I/O register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that 
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is 
driven low by an external device, the data will be written back with a ‘0’. 

Note 2: If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared 
if assigned to the TMRO. 

Note 3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The sec- 
ond cycle is executed as a NOP. 





|= 4 4 19 PO YM |= |= H/H |BNh =a 
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14.1 Instruction Descriptions _ 


ADDLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


ADDWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Add Literal to W 

[ label] ADDLW_ k 
O0<k<255 
(W)+k>~ W 

C, DC, Z 


The contents of the W register are 
added to the eight bit literal 'k’ and the 
result is placed in the W register. 


1 
1 
ADDLW 0x15 


Before Instruction 

W = 0x10 
After Instruction 

W = 0x25 


ADD W tof 
{ label] ADDWF _ f,d 


O0<f<127 
de [0,1] 


(W) + (f) > (dest) 
C, DC, Z 


00 0111 | afee | ffEE 


Add the contents of the W register to 
register 'f'. If 'd' is 0 the result is 
stored in the W register. If 'd' is 1 the 
result is stored back in register 'f'. 


1 
1 
ADDWF FSR, 0 


Before Instruction 


W = 0x17 

FSR= OxC2 
After Instruction 

W = OxD9 

FSR= OxC2 


ANDLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


ANDWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


And Literal and W 
[label] ANDLW_ k 
O<k<255 

(W) .AND. (k) — W 

Z 


1001 | kkkk | kkkk 


The contents of W register are 
AND’ed with the eight bit literal 'k’. 
The result is placed in the W register. 


1 
1 
ANDLW Ox5F 


Before Instruction 


W = 0xA3 
After Instruction 

W = 0x03 
AND W with f 
{ label] ANDWF _ fd 
O0<f<127 
de [0,1] 
(W) .AND. (f) — (dest) 


Z 


Ler | 0101 | afte | £FFE 


AND the W register with register ‘f’. If 
'd' is 0 the result is stored in the W 
register. If'd'is 1 the result is stored 
back in register ‘f'. 


1 
1 
ANDWF FSR, 1 


Before Instruction 


W = 0x17 

FSR= OxC2 
After Instruction 

W = Ox17 

FSR= 0x02 


0 EPR ESI A ES EA AED AOD CSE GT A EROS TES SESS! PASTE AS SE PRE ETE TCT I SD AEST ES, 
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BCF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 
Words: 

Cycles: 
Example 


BSF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 
Words: 

Cycles: 
Example 


Bit Clear f 
[ label] BCF  f,b 


O<f<127 
O<b<7 


0 - f <b> 
None 
Bit 'b' in register ‘f' is cleared. 
1 
1 
BCF FLAG_REG, 7 


Before Instruction 
FLAG_REG = OxC7 

After Instruction 
FLAG_REG = 0x47 


Bit Set f 
[ label] BSF f,b 


O<f<127 
O<b<7 


1 > f<b> 
None 
Bit 'b' in register 'f' is set. | 
1 
1 
BSF FLAG_REG, 7 


Before Instruction 
FLAG_REG= Ox0A 

After Instruction 
FLAG_REG= Ox8A 


BTFSC 
Syntax: 
Operands: 


Operation: 
Status Affecied: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


BIT Test, skip if Clear 
[ abel] BTFSC f,b 
0<f<127 

O<b<s7 

skip if (f<b>) = 0 

None 


10bb | pete | FEFE 


If bit 'b' in register ‘f' is '0' then the next 
instruction is skipped. 

If bit 'b' is '0' then the next instruction 
fetched during the current instruction. 
execution is discarded, and a NOP is 
executed instead, making this a 2 cycle 
instruction. 


1 
1(2) 


HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE ° 


Before Instruction 


PC = address HERE 
After Instruction 

if FLAG<1>=0, 

PC=address TRUE 

if FLAG<1>=1, 

PC=address FALSE 


ep TE TIAA Sp A ECE HICSS ES A SEPSIS DIETS AE GSB SEITE CAAA SE ESR TCE EE PT TI PSSST EE EEE IS ET I SS EE TE ES SE TTT TE REREAD 
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BTFSS 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


CALL 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Bit Test, skip if Set 
[ abel] BTFSS f,b 


0<f<127 
O0<b<7 


skip if (f<b>) = 1 
None 


11bb befe | £FEE 


If bit ‘b' in register ‘f' is '1' then the next 
instruction is skipped. 

If bit 'b' is '1', then the next instruction 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead, making this a 2 cycie 
instruction. 


1(2) 


HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE ° 


Before Instruction 


PC = address HERE 
After Instruction 

if FLAG<1>=0, 

PC=address FALSE 

if FLAG<1>=1, 

PC=address TRUE 


Subroutine Call 
{ label} CALL k 
0<k<2047 


(PC)+ 1» TOS, 
k — PC<10:0>, 
(PCLATH<4:3>) > PC<12:11> 


None 


Okkk | kkkk | kkkk 


Subroutine call. First, return address 
(PC+1) is pushed onto the stack. The 
eleven bit immediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PC are loaded from PCLATH. 
CALL is a two cycle instruction. 


1 
2 


HERE CALL THERE 


Before Instruction 
PC = 
HERE 

After Instruction 
PC = 
THERE 
TOS = 
HERE+1 


Address 


Address 


Address 


CLRF 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


CLRW 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Clear f 
[/abel} CLRF f 
O0<f<127 


00h - f 
1>Z 


Z 


| 00 | 0001 1fff | £EfE 


The contents of register 'f' are cleared 
and the Z bit is set. 


1 
1 
CLRF FLAG_REG 


Before Instruction 


FLAG_REG = Ox5A 
After Instruction 

FLAG_REG = 0x00 

Z =. 4 


Clear W Register 
[ label] CLRW 
None 


00h > (W) 
1>Z 


Z 


| 00 | 0003 oxxx | Xxxx 


W registered is cleared. Zero bit (Z) is 
set. 


1 
1 
CLRW 
Before Instruction 
W = Ox5A 
After Instruction 


W 
Z 


0x00 
1 


RE aT DA TRA VON EE A NETSTAT TES ITSO I CT SD SSS OO A AI GE I IN TE IE ECE SP EG TIO I ORE EO TE I I ELIA. TE TT BE EES I IEE IE I TT TTT TD 
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CLRWDT 
Syntax: 

Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


COMF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: - 
Cycles: 
Example 


Clear Watchdog Timer 
[ label] CLRWDT 
None 


00h — WDT 

0 — WDT prescaler, 
1—TO 

1—PD 

TO, PD 


00, 0000 | 0110 | 0100 


CLRWDT instruction resets the 
watchdog timer. It also resets the 
prescaler of the WDT. Status bits TO 
and PD are set. 


1 
1 
CLRWDT 


Before Instruction 
WDT counter 
After Instruction 
WDT counter 
WDT prescale 
TO 
PD 


Ml 
_ 


how Wei 
- = © 


Complement f 

[ label] COMF fd 
O0<f<127 

de[0,1] | 

(f) + (dest) 

Z 


h 00 1001 | afee | fFFE 


The contents of register ‘f! are comple- 
mented. if 'd' is 0 the result is stored in 
W. If ‘d' is 1 the result is stored back in 
register 'f'. 


1 
1 
COMF REG1, 0 
Before Instruction 
REG1 = 0x13 
After Instruction 
REG1 = OQx13 
W = OxEC 


DECF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


DECFSZ 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Decrement f | 
[label] DECF f,d 


0<f<127. 
de [0,1] 


(f)-1 — (dest) 
7 | 


| 00 0011 | atte | £FEFE 


~ Decrement register 'f'. If 'd' is O the 


result is stored in the W register. If 'd' 
2 1 the result is stored back in register 


1 
1 
DECF CNT, 


ray 


Before Instruction 


CNT =  Ox01 

Z = 0 
After Instruction 

CNT = 0x00 

Z a 


Decrement f, skip if 0 
[ label] DECFSZ f,d 


O0<f<127 
de [0,1] 


(f)- 1d; 
None | 


baer 1011 | atee | ££FE 


The contents of register 'f' are decre- 
mented. If 'd' is O the result is placed in 
the W register. If ‘d' is 1 the result is 
placed back in register 'f'. If the result is 
0, the next instruction, which is already 
fetched, is discarded. A NOP is executed 
instead making it a two cycle instruction. 


1 


skip if result = 0 


1(2) 

HERE DECFSZ CNT, 1 
GOTO LOOP 

CONTINUE - 


Before Instruction 


PC = address HERE 
After Instruction 

CNT = CNT-1 

if CNT = Q, 

PC = address CON- 
TINUE 

if CNT # O, 

PC = address 
HERE+1 


NA NEP TST LN i ER EH FC EP SS PT TTF 2 OTE TBS TSIM AI ILS A TI TET EGGS BSCE SS LER NEC I TE EINE SE LTTE EARS BI SATIN NCES ANIL EES EER 
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GOTO Unconditional Branch INCFSZ increment f, skip if 0 
Syntax: [label] GOTO k Syntax: [label] INCFSZ f,d 
Operands: O<k< 2047 Operands: O<f<127 
Operation: k + PC<10:0> de [0,1] 
(PCLATH<4:3>) > PC<12:11> Operation: (f) + 1 — (dest), skip if result = 0 
Status Affected: None Status Affected: | None 
Description: GOTO is an unconditional branch. Description: The contents of register 'f' are incre- 
The eleven bit immediate value is mented. If 'd' is 0 the result is placed 
loaded into PC bits <10:0>. The upper in the W register. If 'd' is 1 the result is 
bits of PC are loaded from placed back in register 'f'. 
PCLATH<4:3>. GOTO is a two cycle If the result is 0, the next instruction, 
instruction. which is already fetched, is decre- 
mented. A NOP is executed instead 
Words: 1 making it a two cycle instruction. 
Cycles: 2 Words: 1 
Example GOTO THERE Cycles: 1(2) 
After Instruction Example HERE INCFSZ CNT, 1 
GOTO LOOP 
PC = Address THERE CONTINUE « 
Before Instruction 
PC = address HERE 
After Instruction 
CNT = CNT +1 
if CNT= 0, 
PC = address CON- 
TINUE 
if CNT# 0, 
PC = address HERE 
+1 
INCF increment f IORLW Inclusive OR Literal with W 
syntax: [fabel] INCF f,d Syntax: [label] IORLW k 
Operands: O0<f<127 Operands: 0<k<255 
de [0,1] Operation: (W) .OR. (k) > (W) 
Operation: (f) + 1 — (dest) Status Affected: Z 
Encoding: | 00 | 1010 | aeee | fete | Description: The contents of the W register are 
Description: The contents of register ‘f' are incre- OR’ed with the eight bit literal 'k. The 
mented. If 'd' is 0 the result is placed result is placed in the W register. 
in the W register. If 'd' is 1 the result is Words: 1 
placed back in register ‘f'. ae 
cles: 1 
Words: 1 = 
xample IORLW 0x35 
Cycles: 1 P 
5 oe ’ Before Instruction 
xample Cc CNT, W = ox9A 
Before Instruction After Instruction 
CNT =  OxFF W = OxBF 
Z = 0 
After Instruction 
CNT = 0x00 
Z = 1 
ee eae TM SS a ID DLE AE I ee SEA A SE a LE LST OT oc 
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IORWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


MOVLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Inclusive OR W with f 


[label] IORWF fd 


O0<f<127 
de [0,1] 


(W) .OR. (f) > (W) 


Z f 
| 00 | 0100 affe | ffFE 


Inclusive OR the W register with regis- 
ter 'f'. If 'd' is 0 the result is placed in 
the W register. If 'd’ is 1 the result is 
placed back in register 'f'. 


1 
1 
IORWF RESULT, 0 


Before Instruction 


RESULT = 0x13 

W = OQx91 
After Instruction 

RESULT = 0x13 

W = Qx93 


Move Literal to W 

[ label] MOVLW k 
O0<k<255 

k > (W) 

None 


The eight bit literal 'k’ is loaded into W 
register. The don’t cares will assem- 
ble as 0's. 


1 
1 
MOVLW  0x5A 


After Instruction 
W = Ox5A 


MOVF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


MOVWF 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


‘Move f 

[label] MOVF fd 
0<f<127 

de [0,1] 

(f) + (dest) 

Z 


|} 00 | 1000 | ates | fete 


The contents of register f is moved to 
destination d. If d=0, destination is W 
register. If d=1, the destination is file 
register f itself. d=1 is useful to test a 
file register since status flag Z is 
affected. 


1 
1 
MOVF FSR, 0 


After Instruction 


W = _ value in FSR reg- 
ister 

Move W tof 

[label] MOVWF  f 

O<f<127 

(W) > (f) 


None 


| 00 | 0000 fff | ££fE 


Move data from W register to register 

so 

1 

; 
MOVWF OPTION 


Before Instruction 


OPTION = © OXFF - 

W =  Ox4F 
After Instruction 

OPTION = Ox4F 

WwW =  Ox4F 


SERRE ASA I MRP PE DLE AI I PPE ATP SE SSO EE TT EP STP SE EE TE EI TT PE EE SESE ES TE EEE SSE SE TIE ETL ED TEA SEAT, 
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NOP No Operation RETFIE Return from Interrupt 
Syntax: [ label] NOP Syntax: [label] RETFIE 
Operands: None Operands: None 
Operation: No operation Operation: TOS —> PC, 
Status Affected: None 1 GIE; 
, Status Affected: None 
Encoding: | 00 | 0000 | Oxxo 0000 
Description: No operation. | 
Words: : Description: Return from Interrupt. Stack is popped 
; and Top of Stack (TOS) is loaded in 
Cycles: 1 the PC. Interrupts are enabled by set- 
ting the Global Interrupt Enable (GIE) 
Example pa bit. GIE is the global interrupt enable 
bit (INTCON<7>). This is a two cycle 
instruction. 

Words: 1 

Cycles: 2 

Example RETFIE 
After Interrupt 

PC = TOS 
GIE = 1 

RETLW Return Literal to W 

Syntax: [label] RETLW k 

Operands: 0<k<255 

Operation: k > W; TOS — PC; 

Status Affected: None - 

Description: The W register is loaded with the eight 
bit literal 'k'. The program counter is 
loaded from the top of the stack (the 
return address). This is a two cycle 
instruction. 

Words: 1 

Cycles: 2 

Example CALL TABLE ;W contains table 

;offset value 
° ;W now has table value 


TABLE ADDWF PC ;W = offset 
RETLW kl ;Begin table 
RETLW k2 ; 





RETLW kn ; End of table 


Before Instruction 
W = 

After Instruction 
W = 


0x07 


value of k7 


em ES SR SEE POPS SS PS SSIES AR ac ira A SCNT SC ESA SES TES LES SS SS A PAI SA I CE PT EEC ETSI 
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RETURN 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


RLF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


* [label] 


| Return from Subroutine 


None 
TOS — PC; 
None 


|} 00 0000 | 0000 | 1000 


RETURN 


Return from subroutine. The stack is 


_ popped and the top of the stack (TOS) 


is loaded into the program counter. 
This is a two cycle instruction. 


1 
2 
RETURN 


After Interrupt 
PC = 


TOS 


Rotate Left f through Carry 


[label] RLF 


O0<f< 127 
de [0,1] 


See description below 


C 


OO 1101 | afee | £FFE 


f,d 


The contents of register ‘f' are 
rotated one bit to the left through 
the Carry Flag. If 'd' is 0 the result 
is placed in the W register. If 'd' is 
1 the result is stored back in regis- 


ter ‘f.. 


1 
1 
RLF 


REG1, 0 


Before Instruction 


REG1 
C 


After Instruction 


REG1 
W 
Cc 


lou il 


11100110 
0 


11100110 
11001100 
1 





RRF Rotate Right f through Carry 
Syntax: [label] RRF f,d 
Operands: O0<f<127 
de [0,1] — 
Operation: See description below 
Status Affected: C 
Description: The contents of register f are rotated 
one bit to the right through the Carry 
Flag. If ‘cd’ is O the result is placed in the 
W register. If ‘cis 1 the result is placed 
back in register f. 
Words: 1 
Cycles: 1 
Example RRF REG1, 0 
Before Instruction 
REGl = 11100110 
Cc = 0 
After Instruction 
-REGL = 11100110 
W = 01110011 
c = 1 
SLEEP 
Syntax: [label] SLEEP 
Operands: None 
Operation: 00h > WDT, 
; 0 — WDT prescaler 
1— TO, 
0—PD > 
Status Affected: TO, PD 
Description: The power down status bit (PD) 
is cleared. Time-out status bit 
(TQ) is set. Watchdog Timer and 
its prescaler are cleared. 
The processor is put into SLEEP 
mode with the oscillator 
stopped. See Section 13.8 for 
more details. . 
Words: 1 
Cycles: 1 
Example: SLEEP 
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SUBLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 1: 


Example 2: 


Example 3: 


Subtract W from Literal 
[label] SUBLW k 
O<k<255 

k - (W) > (W) 

C, DC, Z 


The W register is subtracted (2’s 
complement method) from the 
eight bit literal 'k'. The result is 
placed in the W register. 


1 

1 

SUBLW 0x02 
Before Instruction 


WwW 
Cc 


After Instruction 


WwW 1 
C = § 1;result is 
positive 


oot 
ie) 


Before Instruction 


W = 2 
GC = 
After Instruction 
W = 0O 
C = 1; result is 
zero 
Before Instruction 
W = 3 
G:. = ? 
After Instruction 
W = FF 
C = _ 0;result is 
negative 


SUBWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 


Description: 


Words: 
Cycles: 
Example 1: 


Example 2: 


Example 3: 


Subtract W from f 
[label] SUBWF f,d 
O<f<127 

de [0,1] 

f - (W) > (dest) 

C, DC, Z 


[oo | ooio [aere | veer 


Subtract (2’s complement meth- 
odize W register from register ‘f'. 
If ‘d' is O the result is stored in 
the W register. If ‘d' is 1 the 
result is stored back in register 
'f'. 

1 

1 


SUBWF REG1,1 


Before Instruction 


REG1 
W 
Cc 


After Instruction 


REG1 
WwW 
Cc 


lou ou 
oe be) 


Wow ou 
= W) — 


; result is 
positive 


Before Instruction 


REG1 
WwW 
C 


After Instruction 


REG1 
WwW 
C 


nou ou 
NND . 


0 
2 
1; result is 
zero 


Before Instruction 


REG1 
WwW 
C 


After Instruction 


REG1 
Ww 
Cc 


FF 
2 
0; result is 


negative 
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SWAPF 
Syntax: 


Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 


Example 





Swap f 

[label SWAPF f,d 
] 

O<f<127 

de [0,1] 


£<0:3> — d<4:7>, 
{<4:7> > d<0:3> 


None 


[oo [unio | acre | seer | 


The upper and lower nibbles of 
register ‘f' are exchanged. If 'd' is 
0 the result is placed in W register. 
If 'd' is 1 the result is placed in reg- 
ister ‘f'. 

1 

1 


SWAP REG, 0 
F 


Before Instruction 


REG1 = QxA5 
After Instruction 

REG1 = OxA5 

WwW = Ox5A 





XORLW Exclusive OR Literal with W 
Syntax: [label] XORLW k 
Operands: 0<k<255 
Operation: (W) .XOR. k > (W) 
Status Affected: Z 
Encoding: aa 1010 | kkkk | kkkk 
Description: The contents of the W register 
are XOR’ed with the eight bit lit- 
eral 'k’. The result is placed in 
the W register. 
Words: 1 
Cycles: 1 
Example: XORLW OxAF 
Before Instruction 
W =  OxB5 
After Instruction 
W = OxtA 
XORWF Exclusive OR W with f 
Syntax: [ label] XORWF fd 
Operands: O<f<127 
de [0,1] 
Operation: (W) .XOR. (f) — (dest) 
Status Affected: Z 
Description: Exclusive OR the contents of the 
| W register with register 'f'. If 'd’ is 
0 the result is stored in the W reg- 
ister. If 'd' is 1 the result is stored 
back in register ‘f’. 
Words: 1 
Cycles: 1 
Example XORWF REG 1 


Before Instruction 


REG = OxAF 

W = OQOxB5 
After Instruction 

REG = OQOxiA 

W =  OxB5 


RF SE I SS AP ES OE SS ALIS SS SI ISPS SSE I ESAS Ia PAPE LITE CS 5 2 SS TATE A EF RTA OE STS EES SESSA LP CTE AIOE SE A EIST TIE DS EE RAE ALLE IES A NENTS 
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15.0 DEVELOPMENT SUPPORT 


15.1 Development Tools 


The PIC16/17 microcontrollers are supported with a full 

range of hardware and software development tools: 

PICMASTER® Real-Time In-Circuit Emulator 

e PRO MATE™ Universal Programmer 

¢ PICSTART® Low-Cost Prototype Programmer 

¢ PICDEM-1 Low-Cost Demonstration Board 

¢ PICDEM-2 Low-Cost Demonstration Board 

¢ MPASM Assembler 

e¢ MPSIM Software Simulator 

¢ C Compiler (MP-C) 

e Fuzzy logic development system 
(fuzzyVTECH®-MP) 


15.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator pro- 
vides the product development engineer with a com- 
plete microcontroller design tool set for alll 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura- 
tion is shown in Figure 15-1. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 386 and better machines. The development 
software runs in the Microsoft Windows™ 3.x environ- 
ment, allowing the operator access to a wide range of 
supporting software and accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.x environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


¢ Host-Interface Card 

e Emulator Control Pod 

¢ Target-Specific Emulator Probe 

* PC Host Emulation Control Software 


The Windows 3.x operating system allows the devel- 
oper to take full advantage of the many powerful fea- 
tures and functions of the PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


PC-Host emulation control software takes full advan- 
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.x1, two or more PICMASTER emula- 
tors can be run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and 
a PIC17CXX processor). 


The PICMASTER probes currently meet the specifica- 
tions shown in Table 15-1. 


FIGURE 15-1: PICMASTER SYSTEM CONFIGURATION 





n-Line 
Power Supply 
(Optional) 


Interchangeable 
— Emulator Probe 


Common Interface Card 
PC Compatible Computer 


Logic Probes 
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TABLE 15-1: PICMASTER PROBE SPECIFICATION 


















PROBE | 
Maximum | Operating 
: ye Frequency Voltage 
_PROBE-16B PIC16C71 10 MHz 4.5V - 5.5V 
PROBE-16C PIC16C84 | 10 MHz | 4.5V -5.5V 


PICMASTER Probe Devices Supported 























PROBE-16D _| PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 4.5V -5.5V 
PIC16C56, PIC16C57, PIC16CRS57A, PIC16C58A, and | 
PIC16CR58A 7 | | 

| PROBE-16F__|PIC16C65*, PICI6C73andPICi6c74_ | TO MHz | 4.5 -5.5V_ 


* PROBE-16F indirectly supports the PIC16C65. 


I A ETE Ee LD SEE SA EE Tee RE APE CE LD NE a Be OE a ea EE A 
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15.3 PRO MATE: Universal Programmer 


The PRO MATE Universal Programmer is a full-fea- 
tured programmer capable of operating in stand-alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable VppD and VPP sup- 
plies which allows it to verify programmed memory at 
VDD min and VoD max for maximum reliability. It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand- 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect bits in this 
mode. 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. PC based 
user-interface software makes using the programmer 
simple and efficient. The user interface is full-screen 
and menu-based. Full screen display and editing of 
data, easy selection of fuse configuration and part type, 
easy selection of VDD min, VDD max and VPP levels, 
load and store to and from disk files (Intel® hex format) 
are some of the features of the software. Essential 
commands such as read, verify, program and blank 
check can be issued from the screen. Additionally, 
serial programming support is possible where each 
part is programmed with a different serial number, 
sequential or random. 


The PRO MATE has a modular “programming socket 
module.” Different socket modules are required for dif- 
ferent processor types and/or package types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PiC17CXX processors. 


15.4 PICSTART Low-Cost Development 
System 


The PICSTART programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS-232) ports. A PC-based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. PICSTART is not recommended for pro- 
duction programming. 


15.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 


The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip’s microcontrol- 
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro- 
controllers provided with the PICDEM-1 board, ona 
PRO MATE or PICSTART-16B programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. Addi- 
tional prototype area is available for the user to build 
some additional hardware and connect it to the micro- 
controller socket(s). Some of the features include an 
RS-232 interface, a potentiometer for simulated analog 
input, push-button switches and eight LEDs connected 
to PORTB. 


15.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 


The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard- 
ware and software is included to run the basic 
demonstration programs. The user can program 
the sample microcontrollers provided with the PIC- 
DEM-2 board, on a PRO MATE programmer or PIC- 
START-16C, and easily test firmware. The 
PICMASTER emulator may also be used with the PIC- 
DEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi- 
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter- 
face, push-button switches, a potentiometer for simu- 
lated analog input, a Serial EEPROM to demonstrate 
usage of the IC bus and separate headers for connec- 
tion to and LCD module and a keypad. 
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15.7 Assembler (MPASM) 


The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ- 
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami- 
lies. 


MPASM offers full featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from 
the Microchip Universal Emulator System 
(PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

e Macro Assembly Capability 

Provides Object files, Listing files, Symbol files 

and special files required for debugging with one 

of the Microchip Emulator systems. 

Supports Hex (default), Decimal and Octal source 

and listing formats. 


MPASM provides a full feature directive language rep- 
resented by four basic classes of directives: 


e Data Directives control the allocation of memory 
and provide a way to refer to data items symboli- 
cally, by meaningful names. 

e Listing Directives control the MPASM listing dis- 
play. They allow the specification of titles and 
sub-titles, page ejects and other listing control. 

¢ Control Directives permit sections of condition- 
ally assembled code. 

e Macro Directives control the execution and data 
allocation within macro body definitions. 


15.8 Software Simulator (MPSIM) 


The MPSIM Software Simulator allows code develop- 
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 
examine or modify any of the data areas or provide 


TABLE 15-2: DEVELOPMENT SYSTEM PACKAGES 
1. PICMASTER System PICMASTER In-Circuit Emulator with PRO MATE Programmer, Assembler, 
Software Simulator, Samples, and your choice of Target Probe, 
2. | PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 
3. | PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted 














programmer, Assembler, Simulator 


external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or in a 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 


15.9 © Compiler (MP-C) 


The MP-C Code Development System is a complete 'C' 
compiler and integrated development environment for 
Microchip’s PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display 
(emulator software versions 1.13 and later). 


The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can- 
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 


15.10 Fuzzy Logic Development System 
(fuzzyTECH-MP) 


fuzzyTECH-MP fuzzy logic development tool comes in 
two versions: a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design, and a 
full-featured fuzzyTECH-MP Edition for implementing 
more complex systems. 


Both versions include Microchip’s fuzzyv_AB™ demon- 
stration board for hands-on experience with fuzzy logic 
systems implementation. 


15.11 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 15-2. 
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16.0 ELECTRICAL CHARACTERISTICS FOR PIC16C65 


Absolute Maximum Ratings tf 


AMBIEN TEMPeralUre MNGEI DIAS ic. se ceecacatsais vavecaypraistncutee via susan beateoes mage seacazte a oeicncteceneat en tuss aeeareadvaast .-55 tot+ 125°C 
SIOFAGS TEMPS AUS wae Ai esti aa ates santana ee anuasuacerauenueloes cute caceumadia cielo waneees Se dutnei ves ounces eens -65°C to +150°C 
Voltage on any pin with respect to VSS (except VDD and MCLR) ...........:ccccscscssscssccssecsseesecsecsesseees -0.6V to VoD +0.6V 
Vollage on: VDD: WIR feSpecCl 10 VSS* scicsnccccsccesescctess eu ceeteeapeacioeiptendcan pacts catdelenaetiatescoei eel oe mee stereee 0to+7.5V 
Voltage on MCLR with respect to VSS (Note 2) ......ceescsssssessssssscsesscsessecsessssecsecssssasseseasecsecaesecscssecaeescasseeeesaess Oto +14V 
Total. POWEr-DISSIDATIONANOLC: 1) aesctcsc pecediuion ns seca tcavannats eased dec saves Saas aes coataleuven Sseunee tes uecakeosctsnenaan sucess axdia manera: 1.0W 
Maximunr GUITENE OUL-OF WSS DIN scisscqesle ic ieee ct cs each oat wa leslaag ae cu ces wcap abc cn oan ease meade a eateetosoeueteinns 300mA 
Maximuny- Current INO VDD OI 2a see oacdas ac esascsccsaci da yec asa gous peta tek dunk oleae iovaauuiadicheu@ia coeteusteaeaeed eiseen Gua cs dean es Gaueame cess 250mA 
Input clamp current, UK. (ViI<O Or Vie VOD) vac. sss scscrecassccsesactuecoisaaserseeeiaccostoavbrasaisadasananndseueanntassoassbesceessaastnscevesoutdchasnsecaasviuns 420mA 
Output clamp current, IOK (VO <O OF VO>VDD)..........cccccccescecccsssessecssesscesseessessecseesssessenseescecesecesessesseseessesdesseeaseseeseseneesses 4+20mA 
Maximum Output Current SUNK Dy ANY WO Pil... ecceecesseeernceneeceneceeecececeeeeceenaceececeeeeeeeeasaeeeeceeseestccenenscaeaoeerens 25mA 
Maximum Output Current sourced by any I/O Pin... ccccessscecceseessessscceececeeceesessnncercnceaeesseseseesessaceeessesseuaeeeeeeeeeaes 25mA 
Maximum Current sunk by PORTA, PORTB, and PORTE (COmbiINed)................cscccccesesccneseeccesececceereeeseeseceraesseseees 200MmA 
Maximum Current sourced by PORTA, PORTB, and PORTE (Combined)...............cccccceccceeceeesneceeeseeesssseeceesceneneees 200mA 
Maximum Current sunk by PORTC and PORTD (COMbINEC) ...............:ccsescessssssesssseeeeececcnecsceceseeeeeeeeeeeseetsteeeeeeeeeees 200mA 
Maximum Current sourced by PORTC and PORTD (COMbINE) ...............cccccceccccecececceceneceseceeessnccececeescseetsteneceeaeees 200mA 


Note 1: Power dissipation is calculated as follows: Pdis = VoD x {IDD - >) {OH} + & {(VDD-VOH) x IOH} + (Vol x IOL) 

Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling 
this pin directly to Vss. 





TABLE 16-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
_ AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


osc | PIC16C65-04 PIC16C65-10 PIC16C65-20 PIC16LC65-04 


RC | VpD: 4.0V to 6.0V 5 1 5N , OV to 6.0 

IDD: 5mA Max. at 5.5V 

IPD: 21nA Max. at 4V WDT 
disabled 

Freq: 4MHz Max. 


Vop: 4.0V to 6.0V 

IDD: 5mMA Max. at 5.5V 

IPD: 214A Max. at 4V WDT 
disabled 

Freq: 4MHz Max. 





































LP Vep: 3.0V to 6.0V 
PD: 48uA Max. at 32 KHz, 
3.0V 
PD: 13.5uA Max. at 3.0V 
WDT disabled 
: : : ae | Freq: 200 kHz Max. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 
tions. It is recommended that the user select the device type that guarantees the specifications required. 


IPD: 20mA Max. at 5.5V 
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16.1 DC CHARACTERISTICS: PIC16C65-04 (Commercial, Industrial, Automotive) | 
PIC16C65-10 (Commercial, Industrial, Automotive) 
PIC16C65-20 (Commercial, Industrial, Automotive) 


Standard Operating Conditions (unless otherwise stated) 
| : - Operating temperature -40°C <TA<+ 125°C for automotive, 
DC CHARACTERISTICS -40°C <TA<+ 85°C for industrial and 
| oc < TA < +70°C for commercial 
Operating volta = /JDD = 4.0V to 6.0V 


Characteristic Sym Conditions 
Supply Voltage VDD V|XT, RC and LP osc configuration . 
V_ {HS osc configuration 
RAM Data Retention VDR 1.5 V_ | Device in SLEEP mode 
| Voltage (Note 1) 
Vop start voltage to . V_ | See section on pero reset for details 
guarantee Power-On Reset 


XT, RC, osc configuration (PIC16C65-04) 
Fosc = 4 MHz, VpD = 5.5V (Note 4) 





















LP osc configuration (PIC16C65-04) 
FOSC = 32 KHz, VDD = 4.0V, WDT disabled 


HS osc configuration (PIC16C65-20) 
Fosc = 20 MHz, VDD = 5.5V 


Vop=4.0V, WDT enabled,-40°C to +85°C 
Vpp=4.0V, WDT disabled,-0°C to +70°C 
Vpp=4.0V, WDT disabled,-40°C to +85°C 
Vop=4.0V, WDT disabled,-40°C to +125°C 
LP osc, VDD=2.5V, Sleep Mode, 

TMR1 External Clock=32KHz, Commercial 
LP osc, VoD=2.5V, Sleep Mode, 

| TMR1 External Clock=32KHz, Industrial 














Power Down Current (Note 3, 5) 


These parameters are characterized but not fasted: 

T Data in "Typ" column is at 5V, 25°C unless otherwise stated. ners parameters are for design girldanee only and are not 
. tested. 

Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 
switching rate, oscillator type, internal cone execution pattern, and temperature ane have an impact on the current con- 
sumption. 

The test conditions for all IDD mescucements ti in active operation mode are: 
OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vpp, 
MCLR = Vpp; WDT enabled/disabled as specified. 
3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
_ part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vgg. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 
mula Ir = VDD/2Rext (mA) with Rext in kOhm. 

5: Timer1 oscillator (when enabled) adds approximately 20U/A to the specification This value is from characterization and is 
for design guidance only. This is not tested. 
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16.2 DC CHARACTERISTICS: PIC16LC65-04 (Commercial, Industrial, Automotive) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 
DC CHARACTERISTICS -40°C <TA<+ 85°C for industrial and 


0°C < TA < +70°C for commercial 
Operating voltage VDD = 3.0V to 6.0V 


Supply Voltage VoD 3.0 6.0 V 
3.0 6.0 V 
V 


RAM Data Retention Voltage VDR 135° - - 


(Note 1) 
VPOR - Vss V 
SvpD |0.05*}_ - V/ms | See section on power-on reset for details 


VDD start voltage to guarantee 
3.8 | mA | XT, RC osc configuration 
FOscC = 4 MHz, VDD = 3.0V (Note 4) 
48 | wA_ |LP OSC CONFIGURATION 


Power-On Reset 
VDD rise rate to guarantee 
Power-On Reset 
Fosc = 32 KHz, VDD = 3.0V, WDT disabled 
30 | wA | VDD=3.0V, WDT enabled,-40°C to +85°C 
13.5} wA | VDD=3.0V, WDT disabled,0°C to +70°C 
18 | wA | VDD=3.0V, WDT disabled,-40°C to +85°C 
24 | wA | VpD=3.0V, WDT disabled,-40°C to +125°C 
2 These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for all IDD measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to VpD, 
MCLR = VpD; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all !/O pins in hi-impedence state and tied to VDD and Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 
mula Ir = VbD/2Rext (mA) with Rext in kOhm. 

5: Timer1 oscillator (when enabled) adds approximately 20L/A to the specification. This value is from characterization and is for 
design guidance only. This is not tested. 
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16.3 DC CHARACTERISTICS: PIC16C65-04 (Commercial, Industrial, Automotive) 
PIC16C65-10 (Commercial, Industrial, Automotive) 
PIC16C65-20 (Commercial, Industrial, Automotive) 
PIC16LC65-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) 


| Operating temperature -40°C <TA<+ 125°C for automotive, 
. . -40°C <TA<+ 85°C for industrial and 
Ze ennnn tence 00°C < TA < +70°C for commercial 
Operating edits VoD range as described in DC spec Table 16-1 and 
Table 16-2 


Characteristic lee Maal oe Semen | _ Conditions 


Input Low Voltage 
I/O ports 
with TTL buffer 





with Schmitt Trigger buffer 
MCLR, RA4/TOCKI,OSC1 (in RC 
mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 


















V_ |Note1 


I/O ports 

with TTL buffer 

with Schmitt Trigger buffer 
MCLR RA4/TOCKI, RC<7:4>, 
RD<7.4>, INT 
RE<2:0>, OSC1 (XT, HS and LP) 










V |4.5V < Vpp < 5.5V 
For entire VDD range 










— 


Input Leakage Current (Notes 2, 3) 
/O ports 

MCLR, RA4/TOCKI 

OSC1 






Output Low Voltage 
I/O ports 









lot = 8.5mA, VoD-4.5V, -40°C to +85°C 
loL = 7.0mA, VDD-4.5V, -40°C to +125°C 
lol = 1.6mA, VoD-4.5V, -40°C to +85°C 

loL = 1.2mA, VoD-4.5V, -40°C to +125°C 






OSC2/CLKOUT 
(RC osc configuration) 
Output High Voltage 


I/O ports (Note 3) VOH 
Cosc2 15 pF 
|All 1/O pins and OSC2 (in RC mode) oe 50 | pF 
SCL, SDA in IC mode 400 | pF 
tT Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C65 be driven 
with external clock in RC mode. 
2: The leakage current on the MCLR pin is strongly dependent on the applied voitage level. The specified levels represent nor- 
mal operating conditions. Higher leakage current may be measured at different input voltages. 
3: Negative current is defined as coming out of the pin. 








IOH = -3.0mA, VDD=4.5V, -40°C to +85°C 
IOH = -2.5mA, VDD=4.5V, -40°C to +125°C 
IOH = -1.3mMA, VDD=4.5V, -40°C to +85°C 

IOH = -1.0mA, VDD=4.5V, -40°C to +125°C 


OSC2/CLKOUT 
(RC osc configuration) 
Capacitive Loading Specs on Out- 










put Pins 
OSC2 pin 





In XT, HS and LP modes when external 
clock is used to drive OSC 1. 


- SSE A TS aA SE EP SE SS ES PT ES CEST SPC ST TE TIES TIES 
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16.4 Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 





1. TppS2ppS 3.Tcc:st (IC specifications only) 
2.Tpps 4.Ts (IC specifications only) 
T 

F Frequency T Time 

Lowercase subscripts (pp) and their meanings: 
Pp 

cc CCP1 osc OSC1 

ck CLKOUT rd RD 

cs cs rw RD or WR 

di SDI sc SCK 

do SDO SS Ss 

at Data in tO TOCKI 

io I/O port t1 T1CKI 

mc MCLR wr WR 


Uppercase letters and their meanings: 


Fall Period 

High Rise 

Invalid (Hi-impedence) Valid 

Ow High Impedence 


output access High 


Bus free Low 


Setup 


DAT DATA input hold . STOP condition 
STA START condition 





a ma a SPE EP ES PFOA AST SS STA £5 SRE SPR ERS TE ESS SCE PT PF NEES ST SE IE ES OEE LTE LCE 
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16.5 Timing Diagrams and Specifications 
FIGURE 16-1: EXTERNAL CLOCK TIMING 


i-) a2: @ Qs: a1 


OSC1 





CLKOUT as a i ce 7 


TABLE 16-2: EXTERNAL CLOCK TIMING REQUIREMENTS 
















External CLKIN Frequency XT and RC osc mode 
(Note 1) HS osc mode (PIC16C65-04, 
PIC16LC65-04) 

HS osc mode (PIC 16C65-20) 
LP osc mode 
RC osc mode 
XT osc mode 


HS osc mode (PIC16C65-04, 
PIC16LC65-04) 


HS ose mode (PIC 16C65-10) 
HS osc mode (PIC16C65-20) 
LP osc mode 
XT and RC osc mode 


HS osc mode (PIC 16C65-04, 
PIC16LC65-04) 


HS osc mode (PIC16C65-10) 
HS osc mode (PIC16C65-20) 
LP osc mode | 
RC osc mode 
XT osc mode 


HS osc mode (PIC16C65-04, 
PIC16LC65-04) 


HS ose mode (PIC16C65-10) 
HS ose mode (PIC16C65-20) 
LP osc mode 




















Oscillator Frequency 
(Note 1) 














External CLKIN Period 
(Note 1) 




















Oscillator Period 
(Note 1) 





XT oscillator 
LP oscillator 
HS oscillator 
XT oscillator 
LP oscillator 
HS oscillator 











TosR, | Clock in (OSC1) Rise or Fall Time 


t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. | 
Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All specified values are based on char- 
acterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con- 
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 16-2: LOAD CONDITIONS 


Load condition 1 Load condition 2 
Vpbpb/2 


RL 


— CL 7 CL 


Vss 


RL = 4640 
CL=100pF for and D, E port outputs when 
used as system bus 





50 pF for all pins except OSC2 
but including D, E outputs as ports 


25 pF for OSC2 output 





SL SES ETA RE DS TTP SSS TS SES i Sa SES GIES TE AES ISIS TIES EES TSI ESI SATE A Se SPA RI PSO NE Aa TTS 
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FIGURE 16-3: CLKOUT AND OTIMING 


CLKOUT 


: — 13 


| 
| 
' i 
‘ 19" 1p! 
‘a—, 14 ae 


rs 


— 15———_——__1—_ | 


—~' (= 20, 21 


<——17—~ 


' 


Note: Refer to Figure 16-2 for load conditions. 





TABLE 16-3: CLKOUT AND I/O TIMING REQUIREMENTS 


No. 


Frosroakt SCI ocuKOUND | | 
FrosreckH [oscittocuouTT SSCs‘ id 
Prem [euKoUTisetme i 









| Note? | 



























10 
11 
12 
i 
i 


et 
com 
[Rete T 


TckHZ2iol Port in hold after CLKOUT T 


TosH2ioV | OSC1T (Q1 cycle) to Port out valid eel 
TosHZ2iol OSC1T (Q2 cycle) to Port input invalid TBD 
(I/O in hold time) 
TioV20sH | Port input valid to OSC1T (I/O in setup 
time) 


TioV2ckH | Port in valid before CLKOUT T 0.25 Tcy+25 | oo | 


15 
16 
17 
18 
19 
20 
21 


Port output rise time 
Port output fall time 


p10} 
22tt INT pin high or low time et 
23tt Trbp RB<7:4> change INT high or low time fee 8 


z These parameters are characterized but not tested. 
T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
tt These parameters are asynchronous events not related to any internal clock edge. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x ToSc 
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FIGURE 16-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 


VDD 


MCLR 


Internal 
POR 


PWRT 
Timeout 


OSC 
Timeout 


Internal 
RESET 


Watchdog 
Timer 
RESET 


—_—— 
34 —> 


1/O Pins )————— )———— 


Note: Refer to Figure 16-2 for load conditions. 





TABLE 16-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


TIMER REQUIREMENTS 
Parameter Sym_| Characteristic Typt 
No. 
VDD = 5V, -40°C to +125°C 


[et HELA Pls Wilh (ow =. -] = 
ball ie VDD = 5V, -40°C to +125°C 
|| ems | 


3 Twdt | Watchdog Timer Timeout Period 
(No Prescaler) 
Po ee j Tosc = OSC1 period 


Oscillation Start-up Timer Period P| 1024 Tosc 

































18 
Power up Timer Period VDD = 5V, -40°C to +125°C 


34 Tioz | I/O High Impedance from MCLR 100 
Low 
; These parameters are characterized but not tested. 


T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
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FIGURE 16-5:. TIMERO AND TIMER1 CLOCK TIMINGS 


| | , ; ] aa 
ramon 
| 


| 
i. 


<t— 45—! <= 46—» 


| 
| 
| | 
| | 
| | 
agi > ~<t-—_ 48 —| 


TMRX x , 


Note: Refer to Figure 16-2 for load conditions. 


TABLE 16-5: TIMERO AND TIMER1 CLOCK REQUIREMENTS 


TtOH {TOCKI High Pulse Width 

el ee 

TtOL [TOCKI Low Pulse Width No Prescaler 

ee ce 
(1, 2, 4, ..., 256) 


TttH  |T1CKI High Time |Synchronous, No Prescaler 0.5TCY + 20 


=z 


ynchronous, With Prescaler 
| 
TtiL = |T1CKI Low Time |Synchronous, No Prescaler 0.5TCY + 20* 
O* 


40 
1 
5 
6 
Synchronous, With Prescaler 
7 TtiP = |T1CKI input prescale value 
period 
48 


4 
4 
4 
4 


Synchronous 
: 
(oscillator enabled by setting the T1OSCEN bit) 
Toxeain 
These parameters are characterized but not tested. 


tT Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 





* 


SS AR RS A EI SS PED I RPS IPC MSI SEI AS SEI ESET SENOS AEB EASES ATE EF DRESS IS ES GC SIS: SEE PETS TOT SEAS SIDES SEE CESAR TPIT TEESE OP ETE SSI EE ATE 
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FIGURE 16-6: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2) 


RC1/T1CKO0/CCP2 
and RC2/CCP1 
(Capture Mode) 


RC1/T1CKO/CCP2 
and RC2/CCP1 
(Compare or 

PWM Mode) 


Note: Refer to Figure 16-2 for load conditions. 





TABLE 16-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2) 


Parameter | Sym |Characteristic Typt Conditions 
No. 

TecL |CCP1 and CCP2 No Prescaler ostcy+20| — | — | 
input low time With Prescaler ae ree es 
TecH |CCP1 and CCP2 No Prescaler 0.5 Tcy + 20 | — | 
input high time With Prescaler | to | — | 

N = prescale value 

or 16) 























lad CCP1 and CCP2 input period 3TCY - 40" i 
(1,4, 
wal CCP1 and CCP2 output rise time sy 10 | 25 | Loe 
These parameters are characterized but not tested. 
tT Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 


tested. 





EA A RE ANREP SARE SEE OSA OSS PINES 2 EAD NOAA EP SOD PAS DT IEE SS AT IP AS AEP TOO ASE EEE AEE IER ES STEEN ES EASELS EA AEE EES I TE TEE IT TEP ESE ES I EEE SO ETI SE SE TS 
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FIGURE 16-7: PARALLEL SLAVE PORT TIMING 


es A eee A 








REO/RD 





TABLE 16-7: PARALLEL SLAVE PORT REQUIREMENTS 


Characteristic ae. 


TdtV2wrH | Data in valid before WRT or CST (setup time) 
TwrH2dtl |WRT or CST to data-in invalid (hold time) 









TrdL2dtV |RDJ and CSI to data—out valid | | 
TrdH2dtl |RDT or CS to data—out invalid | 10 | 


Tt Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 


EILEEN A LES EN IOS SIE INCI ONE E RP SE Te SOS a RL RE ER A NN ERT TE SRD re rT Os sO ORS TE AN AG ES 
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FIGURE 16-8: SPI MODE TIMING 


SCK 
(CKP = 1) 


Note: Refer to Figure 16-2 for load conditions 





TABLE 16-8: SPI MODE REQUIREMENTS 


No. 
70 TssL2scH, SSJ to SCKL or SCKT input TcY 
TssL2scL 


SCK input high time (slave mode) 
SCK input low time (slave mode) Tcy + 20 


Leta 
as 
Sat il eh Ml il 

TdiV2scL edge 
IGA =~ all 
TscL2diL edge 
pie 
see 
| 10 | 














SDO data output rise time a 

i eed 
TssH2doZ SSJ to SDO output hi-impedence a ae | 50 | 
SCK output rise time (master mode) a en. | 25 | 





SCK output fall time (master mode) 


TscH2doV, SDO data output valid after SCK 

TscL2doV edge 

T Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
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FIGURE 16-9: I7C BUS START/STOP BITS TIMING 







START STOP 
Condition Condition 


Note: Refer to Figure 16-2 for load conditions 











| Parameter Characteristic Typ 
No. 
TSU:STA |START condition 100 KHZ mode 4700 
Setup time. 400 KHz mode | 600 | 


91 START condition 100 KHz mode 4000 




















Only relevant for repeated 
START condition 

After this period the first clock 
pulse is generated 


= 
= 
= 
Hold time 00 KHz mode [600 | — 
LE |estotime —_ ooRe mos —p om [= 
Setuptime __[400KHzmode | 600 | — | 

aed = 
= 


THD:STO |STOP condition 100 KHz mode 4000 
Hold time | 400 KHz mode 
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FIGURE 16-10: I2C BUS DATA TIMING 














Note: Refer to Figure 16-2 for load conditions 





TABLE 16-10: I7C BUS DATA REQUIREMENTS 


No. 


THIGH }|Clock high time Ss PIC16C65 must operate at a 


100 KHz mode 

minimum of 1.5 MHz 
400 KHz mode =] s |PIC16C65 must operate at a 
SP wodule [7ST | — 


minimum of 10 MHz 
100 KHz mode ae: 1000 


400 KHz mode 20+0.1 Cb 
3 

























ve 
pL 










- 
NI 


Ss PIC16C65 must operate at a 
minimum of 1.5 MHz 
PIC16C65 must operate at a 
minimum of 10 MHz 


101 Ttow | Clock low time 100 KHz mode ae 


us 


4.0 
SSP Module 
1.3 








= 
oO 
N 
— 





SDA and SCL rise 
time 







b 
ns  |Cbis specified to be from 
10-400 pF 

n 


103 


— 


SDA and SCL fall time S 


100 KHz mode 


0 
400 KHz mode 20+0.1 Cb 00 


Tsu:staA |START condition 100 KHz mode 
setup time 400 KHz mode 


Cb is specified to be from 
10-400 pF 

us | Only relevant for repeated 
UL 






s |START condition 


lel 
cal 
ites | us | After this period the first clock 
ca 
rent 
iaesedl 


EE 
_—k 


THD:STA |START condition hold | 100 KHz mode 
106 _ THD:DAT | Data input hold time 100 KHz mode 
eae 400 KHz mode 


4 
=] 5  |pulseis generated . 
| 0.9 | us 

5 

Eee 


100 


107 TSU:DAT |Data input setup time | 100 KHz mode 
Sian 400 KHz mode 
2 Tsu:stO |STOP condition setup | 100 KHz mode 
109 TAA Output valid from 100 KHz mode 
400 KHz mode 

110 TBUF | Bus free time 100 KHz mode 
can start 

pF | 


Cb Bus capacitive loading ne er toe 


Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of the 
falling edge of SCL to avoid unintended generation of START or STOP conditions. 

2: A fast-mode |I?C-bus device can be used in a standard-mode I@C-bus system, but the requirement tsu;DAT>250ns must then 
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device 
does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line TR 
max.+tsu;DAT=1000+250=1250ns (according to the standard-mode I°C bus specification) before the SCL line is released. 


if 
m 
UL 

250 
in 


E 


Ss 
us 
3500 


i us |Time the bus must be free 


ne rm before a new transmission 


Z 
° 
= 
© 
Ne 


=| & 
wo] N N 





BSN 
io) 
Oo 
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FIGURE 16-11: SCI MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING 


RA5/TX/CK ee 
pin i ix 


RA4/RX/DT 
pin 


wm a 120 


Note: Refer to Figure 16-2 for load conditions 





TABLE 16-11: SERIAL PORT SYNCHRONOUS TRANSMISSION REQUIREMENTS 


be OO lao 


T1420 | tekH2dtv SYNC XMIT (MASTER & SLAVE) 
Clock high to data out valid 

tckrf Clock out rise time and fall time (Master 
Mode) 


t: | Data in “Typ” column is at 5V, 25°C unless otherwise stated. a parameters are for design eee only and are not 
tested. 














FIGURE 16-12: SCI MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING 


RA5S/TX/CK 
pin 


RA4/RX/DT 
pin 


r 425. | tdtV2ckl SYNC RCV (MASTER & SLAVE) 
Data hold before CK SaAtiod eee CRO Tcdl (DT ho time) 


a tckL2dt! Data hold after CK | (DT hold time) 


Data in “Typ” column is at 5V, 25°C unless otherwise stated. 2 aa are for design guidance only and are not 
tested. 
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17.0 DC AND AC 
CHARACTERISTICS GRAPHS 
AND TABLES FOR PIC16C65 


NOT AVAILABLE AT THIS TIME 
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NOTES: 
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18.0 ELECTRICAL CHARACTERISTICS FOR PIC16C64 


Absolute Maximum Ratings tf 


Arabieht Temperature UNGER DIAS hey esccc oss. oosceonsencnce be pe eecdncaedvun ers eX oasevaiesaniehasavianaiweeveuberaceea deena cuanesvanes -55 to+ 125°C 
SIOFAGE. TEMPO ALUING 54562 5 ax cussdudnctayiceac ate chesndl occu aieatanthdicotannd teas goaeanstantaedenreudal ava ladon cwegeassedaacac aise -65°C to +150°C 
Voltage on any pin with respect to Vss (except VOD and MCLR) ........ceccccceecceccseessessseseessesseseseeeses -0.6V to VoD +0.6V 
Volla@e:On- VDD Will FESPOCl 10 VSS iss ce asreatectea ada heracpe vaaeanc was ea edeaus dared ustsadiadastadedeaeanateldct auasastdeutdenduestent 0to+7.5V 
Voltage on MCLR with respect to VSS (Note 2) ..eccccceccccscescesceecscsccecsesescscsesecessecsesesecesseeseveesausuesssasaessaeseseceaes Oto +14V 
Total: power Dissipation: (INOUE: 1) ascn4.5.5.5cengisiandastentavedetiatesaaes Siceatecwsnbaasudebleosdabes ceded deeds vnddtna devi les sbousiel gus eadbouavengned: 1.0W 
Maximum: CUIFENEOULOT VSS DIR we iaes deena oes rena adce pasha act ihawierecbledecngerise Sova plea casein a eet ise Masuattbecantaes 300mA 
Maxiniurn GUTEniAntO: VOD: IN oo. sececa cares asa oee re ch esac a acteaic paseo ac dun sa aac eae Vana veep aae ae eeeuaaen nam eanaeee 250mA 
lnput clamp-current, tik (Vi=O-or Vis: VOD): <csseadecsiavsendsacieutecactvasdvaseh beaten \act aietecndeestencaes iasiseathiees ia eagev aleteaaes +20mA 
Output clamp: current, lOK (VO<O ‘Or VOS VDD) sisssiscacsassssssceesscsacasdedzeat cautatodenesescgundancdecdasnesdscenasededesadnoeadecetsecsousdadsuseeneisentuae +20MmA 
Maximum Output Current sunk by any I/O Pin 00... ce ccccc esse cesecceeesseecesenseseeeeceseecceseuanseeeeaesatsaessaneeesececeaesesaeaeeees 25mA 
Maximum Output Current sourced by any I/O Pind... ecccccccsesesesscecceceueeceacecuceseeceeceuesseceseeceeceesaceuaeeneesseeesageneeeaes 25mA 
Maximum Current sunk by PORTA, PORTB, and PORTE (Combined).................c:cccesseseeseececcececeececeeeeeeeeeeecneeseeees 200mA 
Maximum Current sourced by PORTA, PORTB, and PORTE (Combined)...............cccccsccssssesseseeeeseeseeceeeeeeeeeceaeeeeens 200mA 
Maximum Current sunk by PORTC and PORTD (Combined) .......... 0.0... ce cesseseeceeeeececesaeseececeearessesceracessceeeeeeseneeens 200mA 
Maximum Current sourced by PORTC and PORTD (Combine) .................ccccceccceeceececeeceeeeeseseceeseeececesueeaeesceeseasens 200mA 


Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - ¥) IOH} + ¥ {(VDD-VoOH) x IOH} + &(Vol x IOL) 


Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling 
this pin directly to Vss. 





Vpo: 4.0V to 6.0V NODE ASV 10:6: 
Ino: 5mA Max. at 5.5V 
IPD: 21p:A Max. at 4V WDT 
disabled 
Freq: 4MHz Max. 


Von: 4.0V to 6.0V 

Ipp: 5mA Max. at 5.5V 

IPD: 214A Max. at 4V WDT 
disabled 

Freq: 4MHz Ma 


Freq: 20MHz Max. 


Vpp: 3.0V to 6.0V 
IDD: 48uA Max. at 32 KHz, 3.0V 
IPD: 13.5u:A Max. at 3.0V WDT 
disabled 
Freq: 200KHz Max. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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18.1 DC CHARACTERISTICS: PIC16C64-04 (Commercial, Industrial, Automotive) 
PIC16C64-10 (Commercial, Industriai, Automotive) 
PIC16C64-20 (Commercial, Industrial, Automotive) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 
DC CHARACTERISTICS -40°C <TA<-+ 85°C for industrial and 
| 0°C < TA < +70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V 


Supply Voltage 


RAM Data Retention 
Voltage (Note 1) 


VpD start voltage to 
guarantee Power-On Reset 


VDD rise rate to guarantee 
Power-On Reset 


Supply Current (Note 2, 5) : : XT, RC, osc configuration (PIC16C64-04) 
Fosc = 4 MHz, VbD = 5.5V (Note 4) 


LP osc configuration (PIC16C64-04) 
Fosc = 32 KHz, VDD = 4.0V, WDT disabled 


HS osc configuration (PIC16C64-20) 
Fosc = 20 MHz, VDD = 5.5V 


Power Down Current (Note 3, 5) ? Vop=4.0V, WDT enabled,-40°C to +85°C 
Vpp=4.0V, WDT disabled,-0°C to +70°C 
Vpp=4.0V, WDT disabled,-40°C to +85°C 
Vop=4.0V, WDT disabled,-40°C to +125°C | 
LP osc, VDD=2.5V, Sleep Mode, 
TMR1 External Clock=32KHz, Commercial 
LP osc, VoD=2.5V, Sleep Mode, 
TMR1 External Clock=32KHz, Industrial 





These parameters are characterized but not tested. 
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. . 
Note 1: This is the limit to which Vpp can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for ail IDD measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all /O pins tristated, pulled to Vop, 
MCLR = Vop; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vg. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 

~~ mula Ir=Vpp/2Rext (mA) with Rext in kOhm. 

5: Timert oscillator (when enabled) adds approximately 201A to the specification. This value is from characterization and is 
for design guidance only. This is not tested. 
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DC CHARACTERISTICS: PIC16LC64-04 (Commercial, Industrial, Automotive) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 


DC CHARACTERISTICS -40°C <TA<-+ 85°C for industrial and 


0°C < TA < +70°C for commercial 
Operating voltage VDD = 3.0V to 6.0V 


Supply Voltage 


RAM Data Retention Voltage ie Davice in SLEEP mode 
(Note 1) 


VDD start voltage to guarantee See section on power-on reset for details 


Power-On Reset 


VDD rise rate to guarantee See section on power-on reset for details 
Power-On Reset 





3: 


4: 


5: 


XT, RC osc configuration 
Fosc = 4 MHz, VbdD = 3.0V (Note 4) 


LP OSC CONFIGURATION 
Fosc = 32 KHz, VDD = 3.0V, WDT disabled 
VpD=3.0V, WDT enabled,-40°C to +85°C 
Vpb=3.0V, WDT disabled,0°C to +70°C 
VpbD=3.0V, WDT disabled,-40°C to +85°C 
Vpbp=3.0V, WDT disabled,-40°C to +125°C 
These parameters are characterized but not tested. 
Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 


: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 


switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for all ID>D measurements in active operation mode are: 

OSC 1=external square wave, from rail to rail; all /O pins tristated, pulled to Vop, 

MCLR = Vob; WDT enabled/disabled as specified. 

The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedence state and tied to VppD and Vss. 

For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 
mula Ir = VDD/2Rext (mA) with Rext in kOhm. 

Timer oscillator (when enabled) adds approximately 201A to the specification. This value is from characterization and is for 
design guidance only. This is not tested. 


a a 
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18.3 DC CHARACTERISTICS: PIC16C64-04 (Commercial, Industrial, Automotive) 
PIC16C64-10 (Commercial, Industrial, Automotive) 
PIC16C64-20 (Commercial, Industrial, Automotive) 
PIC16LC64-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 

i -40°C <TA<-+ 85°C for industrial and 

0°C < TA < +70°C for commercial 

Operating voltage VDD range as described in DC spec Table 18-1 and 
Table 18-2 


PR esceredlil baci Geel | shod in 
t | 


Input Low Voltage. : 
/O ports 
with TTL buffer : V 
with Schmitt Trigger buffer : V 
MCLR, RA4/TOCKI,OSC1 (in RC : V 
mode) 
OSC1 (in XT, HS and LP) : V_ |Note1 


Input High Voltage 
/O ports | 
with TTL buffer V |4.5V<Vpp <5.5V 
with Schmitt Trigger buffer Rs For entire VDD range 
MCLR RA4/TOCKI, RC<7:4>, 
RD<7.4>, INT 
RE<2:0>, OSC1 (XT, HS and LP) 


DC CHARACTERISTICS 


/O ports 
MCLR, RA4/TOCKI 
OSC1 


Output Low Voltage | 7 | 

/O ports é loL = 8.5mA, VDD-4.5V, -40°C to +85°C 

: loL = 7.0mA, VbD-4.5V, -40°C to +125°C 

OSC2/CLKOUT : loL = 1.6mA, VbDD-4.5V, -40°C to +85°C 

(RC osc configuration) ; loL = 1.2mA, VodD-4.5V, -40°C to +125°C 

Output High Voltage 

I/O ports (Note 3) ; IOH = -3.0mA, VDD=4.5V, -40°C to +85°C 
: IOH = -2.5mA, VDD=4.5V, -40°C to +125°C 

OSC2/CLKOUT ; IOH = -1.38mA, VDD=4.5V, -40°C to +85°C 

(RC osc configuration) 


lOH = -1.0mA, VoD=4.5V, -40°C to +125°C 
Capacitive Loading Specs on Out- | 
put Pins 
OSC2 pin Cosce2 
All I/O pins and OSC2 (in RC mode) ae 
SCL, SDA in I7C mode 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guecenee only and are not 
tested. 
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C64 be driven 
with external clock in RC mode. 
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent | nor- 
mal operating conditions. Higher leakage current may be measured at different input voltages. 
3: Negative current is defined as coming out of the pin. 


In XT, HS and LP modes when external 


clock is used to drive OSC1. 
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18.4 Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 


1. TppS2pps 3.Tcc:st —_(I?C specifications only) 
2. Tpps 4.Ts (1°C specifications only) 
t 

F Frequency T Time 

Lowercase subscripts (pp) and their meanings: 
Ppp 

CC CCP1 Osc OSC1 

ck CLKOUT rd RD 

cs cs rw RD or WR 

di SDI sc SCK 

do SDO Ss ss 

dt Data in tO TOCKI 

io I/O port t1 T1CKI 


MCLR WR 





Fall Period 

High Rise 

Invalid (Hi-impedance) Valid 

Low Hi-impedance 


output access i High 
Bus free Low 


Setup 


DAT DATA input hold STOP condition 
STA START condition 





RPE EH ESO IE SP PS SS ES SE SPS SSE OTE EE EP TSE EP SPP EIS TE SE DIS eS Ee ET SE SOT STOTT SENT TTED, 
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18.5 Timing Diagrams and Specifications 
FIGURE 18-1: EXTERNAL CLOCK TIMING 


Q4 “Qt ; Q2.: Q3 Q4 Qi i 


OSC1 





CLKOUT ——  Soccmomene 
TABLE 18-2: EXTERNAL CLOCK TIMING REQUIREMENTS 


Fosc | External CLKIN Frequency XT and RC osc mode 
(Note 1) HS osc mode (PIC 16C64-04, 
. PIC 16LC64-04) 
HS osc mode (PIC16C64-20) 
LP osc mode 
Oscillator Frequency RC ose mode 
(Note 1) a : XT osc mode 


HS ose mode (PIC 16C64-04, 
PIC16LC64-04) 


HS ose mode (PIC16C64-10) 
HS osc mode (PIC 1 6C64-20) 
; LP osc mode 
External CLKIN Period XT and RC ose mode 


(Note 1) | HS ose mode (PIC 16C64-04, 
PIC16LC 64-04) 


HS ose mode (PIC 16C64-10) 
HS osc mode (PIC16C 64-20) 
LP osc mode 


Oscillator Period RC osc mode 
(Note 1) XT ose mode 


HS osc mode (PIC 16C 64-04, 
PIC16LC64-04) 


HS osc mode (PIC16C64-10) 
HS osc mode (PIC 16C 64-20) 
LP osc mode 

XT oscillator 

LP oscillator 

HS oscillator 

XT oscillator 

LP oscillator 

HS oscillator 


t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are based on char- 
acterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con- 
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1 pin. 

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 18-2: LOAD CONDITIONS 


Load condition 1 Load condition 2 
VbbD/2 


RL 


7 CL ; + CL 


VSS VSS 


RL = 464Q 
CL=100 pF for RA<4> and C, D, E port outputs when 
used as system bus 





50 pF for all pins except OSC2 and RA<4> 
but including C, D, E outputs as ports 


25 pF for OSC2 output 





A ETE RS SE RE I ET IS I STE EE RA IE ETI EA RTE ITT I SLBA I EAI NES EEL. A CR I A EE TELE CE CE TI EAT EPEC ST I SE EE 
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FIGURE 18-3: CLKOUT AND I/O TIMING 


Q4 sa Qi (Q2 Q3 

OSC1 a oa wi 
ae i. ag: ) 

1 <— i, 10 rot t = ‘ 

od ‘ ; ; 

CLKOUT oa = eee 
; va ie 13 ecutte t are 12 ; 

a ; 19% tes 

ot ‘$$ 14 dt — po! ‘ ee — 16 t 


We)’ LLL LLL 


17 a 15———__+—_» 





—~ ~< 20, 21 


Note: Refer to Figure 18-2 for load conditions. 


TABLE 18-3: CLKOUT AND I/OTIMING REQUIREMENTS 


y : aie 
30 ns 


Characteristic 







These parame- 
ters are asyn- 
chronous 
events not. 
related to any 
internal clock 
edge. 


1 






















osha [OSCITwCLROUTE————— | =| 8 | a] ne | Newt 
Toshaart [OscrTecuouTT Sid 
fra __[CLKoUTsetime ———SSSSC*dSC dC 
fra [euxouriatime Sid Sid CT 
fracaov[CLKOUT TioPonowvald +f ——*d| | 

= 


0 
11 
12 
13 


TosH2ioV | OSC1T (Q1 cycle) to Port out valid , | 


TosH2iol OSC1T (Q2 cycle) to Port input invalid TBD 
(I/O in hold time) 

TioV20sH | Port input valid to OSC1T (I/O in setup TBD 
time) 


[FoF [Port output fal tne eed OR 
zi |Tinp | INT pinfigh orfow time ae rl 
ait [Tee [Bee change NTHhortowtime [20 [— [ — 
These parameters are characterized but not tested. 

t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested. 

tt These parameters are asynchronous events not related to any internal clock edge. 

Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 






14 
15 
17 
19 
20 
21 


* 
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FIGURE 18-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 


VpbpD 


MCLR 


Internal 
POR 


PWRT 
Timeout 


OSC 
Timeout 


Internal 
RESET 


Watchdog 
Timer 
RESET 


I/O Pins 


Note: Refer to Figure 18-2 for load conditions. 





TABLE 18-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


TIMER REQUIREMENTS | 
ee 
No. 


VDD = 5V, -40°C to +125°C 




























30 | not [NETH Pusewiah tow) [too [| rs | 

32 Oscillation Start-up Timer Period 1024 Tosc}_ —s|_-ms_| Tosc = OSC1 period 

" i 
These parameters are characterized but not tested. 

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 


Twdt | Watchdog Timer Timeout Period Yh 
(No Prescaler) 
VDD = 5V, -40°C to +125°C 
Tioz_ | 1/O High Impedance from MCLR 100 
Low | 
tested. 


BRP SER I PT BESS SR RE SS AEE TSAI SI TE EB IES SS IEA ST EE LS SI REE SPI EPI EE PII PRED ISIEO VESPA IE SE ELE SE EOE LENE RELI EOI ELE LE LIPTON EIT EEO DE PEDIATR 


© 1995 Microchip Technology inc. Preliminar ¥ DS30234A-page 2-465 








PIC16C6X _ 





FIGURE 18-5: .TIMERO AND TIMER1 CLOCK TIMINGS 


mS " 7 . je aes 
| | 


| 
RCO/T1 Sy 
| 


| 
| 
| 
| 


| 

| 

| ! 
= 
——_—_—_—_ 47 —_____»<1—- 48 —> 


TMRX * | 


Note: Refer to Figure 18-2 for load conditions. 


TABLE 18-5: TIMERO AND TIMER1 CLOCK REQUIREMENTS 


Clee ee eee ee 
No. . 


TtOH |TOCK! High Pulse Width 0.5 Tcy + 20° fe 
With Prescaler ae ae ce 


| = 
TIL |TOCKTLow Pulse With [No Prescaler [OS Tov+20"[ — | — 
he as Win Proscar [7 [= [=| 
p= 
























40 
AA 
42 












N (1, 2,4, .., 256) 
45 ~ TttH |T1CKI High Time |Synchronous, No Prescaler | O.5Tcy +20 | — | | ns | 
- | A Nl dl 
baa See 
TL THCRT ow Time [Synchronous, No Prascaler —[OsTey+20°| — [= [ms | 
iw [=[= [1 
ai Se oe 
47 TtiP — |TICKI input Synchronous [cy + 40° iors eae (ta ee 
period N (1, 2, 4, 8) 
mit Bs yecironots Fae A Meo ae Oo 
PT | att oscillator input frequency range . Pee idee KHz ae 
(oscillator enabled by setting the T1OSCEN bit) 
[#8 [Texan [Deay om external clock edge to tmernerement| —2Tess [= Teal = [ 


* 


These parameters are characterized but not tested. 


t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 





DS30234A-page 2-466 Preliminary © 1995 Microchip Technology Inc. 


PIC16C6X 





FIGURE 18-6: CAPTURE/COMPARE/PWM TIMINGS (CCP1) 
RC2/CCP1 Se ee ee 
(Capture Mode) 7 Z 

\+—— 50 —> ae 51 —| ! 


SSS ee 


RC2/CCP1 
(Capture Mode) he iN 
53 —! (<t- > 54 


Note: Refer to Figure 18-2 for load conditions. 


TABLE 18-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1) 


dials dal sae band Characteristic oe Typt 


TecL |CCP1 0.5Tcy +20 | — | 
input low time With Prescaler 


TecH |ccp4 0.5 Toy + 20 
input high time With Prescaler ae en <4 
































CCP1 output rise time 


(1,4 or 16) 
eas ae 

Teer [ecrrowpttaitime | (dL tf sf sf 
These parameters are characterized but not tested. 


t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 


nh] Ph 
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FIGURE 18-7: PARALLEL SLAVE PORT TIMING 







TABLE 18-7: PARALLEL SLAVE PORT REQUIREMENTS 


ee ee 
No. _ | | 


TdtV2wrH | Data in valid before WRT or CST (setup time)| 20 | — | 
. p68 TwrH2dtl |WRT or CST to data-in invalid (hold time) | 20} — | 

















| 64 TrdL2ctV |RDL and CSI to data—out valid 
TrdH2dtl |RDT or CS. to data—out invalid 


t  Datain “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
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FIGURE 18-8: SP! MODE TIMING 


(CKP = 1) 





TABLE 18-8: SPI MODE REQUIREMENTS 


Conditions 


TdiV2scL edge 
TscL2dil edge 


[TdoR SDO data output rise time 
[TdoF SDO data output fall time 


Tsch SCK input low time (slave mode 
TssH2doZ SS to SDO output hi-impedence 


TscF sd SCK output fall time (master mode 


TscH2doV, SDO data output valid after SCK 
TscL2doV edge 


t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 





) 
i | - | 
| ae 
[TscR_ _—[SCKoutputrise time (mastermode)| = — 
yf — | 


CT SE TI SA AS EN ES OTTO SIT ROLE ZS EE ST AE TE TE TEI AS LT I HPS ER I ETO IE TE I ATO PT EEE OPT TE IIE TI PE FI EIDE ETT EPRI EEE EEE EES EEE ELE EEE EEE LEE ITD 
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FIGURE 18-9: I7C BUS START/STOP BITS TIMING 





START STOP 
Condition Condition 


Note: Refer to Figure 18-2 for load conditions 


TABLE 18-9: 1?C BUS START/STOP BITS REQUIREMENTS 


fae cela al 
No. | 


Tsu:sta_ [START condition 4700 | — | 
ee Seu tine HOORRE made —[ 600 [= 
THD:sTA |START condition 4000 | — | 
ee sine ore | 00 | = 
aad 

feed 

eae 

aa 


| 
92 Tsu:sto |STOP condition 100 KHZ mode 4700 
Setup time 400 KHz mode | 600 | 
| 





























Only relevant for repeated 
START condition 

After this period the first clock 
pulse is generated 


THD:STO |STOP condition 100 KHz mode 4000 
Hold time 400 KHz mode | 600 | 
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FIGURE 18-10: I@C BUS DATA TIMING 








103 >! + == 1002 ! > + 102 
14 ' i a) 
SCL : i, | | ! Raekheets A 
: 901 
ac = 106-<—_>» 
1 ' : t—p», 107 
t 1 l I t 
> ot . se 4 en 02 es ! 
SDA , | ' -——__—______-------- ! 
' i [ne ee 1 ! 
+— 110—> 
—P 109 t— 109—>: 
SDA 
OUT 


Note: Refer to Figure 18-2 for load conditions 


TABLE 18-10: IC BUS DATA REQUIREMENTS 
Parameter Sym Characteristic 

No. 

100 


THIGH | Clock high time 100 KHz mode 
400 KHz mode i 


SSP Module | 15Tcy | — | 

101 TLtow |Clock lowtime 100 KHz mode Le us |PIC16C64 must operate ata 
minimum of 1.5 MHz 

400 KHz mode ioe te us |PIC16C64 must operate ata 

minimum of 10 MHz 

SSP Module | 15Tey | — | 


, 102 TR SDA and SCL rise 100 KHz mode 
time | 400 KHz mode 20+0.1Cb | 300 
SDA and SCL falltime | 100 KHzmode | — } 300 | 


400 KHz mode 20+0.1 Cb 
Tsu:sTa |START condition 100 KHz mode 
setup time 400 KHz mode | 06 
THD:sta {START condition hold | 100 KHz mode 
time 400 KHz mode | 06 | 

+ 

* 


| nee 

ae 

oe 

| eed 

THD:DAT | Data input hold time | 100 KHz mode ie Oe | 
i ra 
| hee 

ee 

Bink 


peal Rc 


PIC16C64 must operate ata 
minimum of 1.5 MHz 


PIC 16C64 must operate at a 















& 


minimum of 10 MHz 






—_ 
io) 
Oo 
Oo 


Cb is specified to be from 
10-400 pF 







Cb is specified to be from 
10-400 pF 

Only relevant for repeated 
START condition 





After this period the first clock 


eel 

i 

gl 

= iy 
pulse is generat 
fie 

ees 

ee 

ened 


SU:DAT |Data input setup time | 100 KHz mode 
400 KHz mode | 100 


time 400 KHz mode 


STOP condition setup | 100 KHz mode a oe 


T 


Output valid from 100 KHz mode be eg 3500 
clock 400KHzmode [ — | 


TBuF | Bus free time 100 KHz mode Eek le eee 
Bus capacitive loading 
Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of the 
falling edge of SCL to avoid unintended generation of START or STOP conditions. 
2: A fast-mode I?C-bus device can be used in a standard-mode |?C-bus system, but the requirement tsu;DAT>250ns must then 
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device 
does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line TR 


max.+tsu;DAT=1000+250=1250ns (according to the standard-mode |@C bus specification) before the SCL line is released. 


91 

107 
92 
109 
110 Time the bus must be free 


before a new transmission 
can start 
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NOTES: 


a PON ESA SPS SR SS FE SI ITE SD EAT 8 ESE RED TEESE LS PE EDO ED TE LST TE TPE EE IS BS BEET ED PSE FDI DES SA AE A SEB I AEE SIE NA NESE ETE ETI A PIE SAE LED SEI ANLIT 
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19.0 DC AND AC 
CHARACTERISTICS GRAPHS 
AND TABLES FOR PIC16C64 


NOT AVAILABLE AT THIS TIME 





sc ERE EP ET EP EN BE I ETP TS SS PE TATOOS CSP NT STE DT ST PEGE SE DPE TESST NPE IE AE TT I IEEE TE OT OTTO TE IEE EE LE EE ES EE 
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NOTES: 
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20.0 ELECTRICAL CHARACTERISTICS FOR PIC16C61 


Absolute Maximum Ratings tf 


AmbIONt TelMmporatura: UNGOr- DIAS 5 iaicss2s seni oaahseeesme sane rec toae ous hie peda gas decent cha corsa seca nev aoyssenreaaticseusewians aes .-55 tot+ 125°C 
SLO LAGS WSIS DALLA a5 2s ata tes tee ccaieaseensciesa cae Sinea cost outaudaaeoaibta sca nama seein cbdac hada saeeuce ea aeanses onus yh ees -65°C to +150°C 
Voltage on any pin with respect to Vss (except VDD and MCLR) uuu... cee ceseeecessescessseesseees -0.6V to VoD +0.6V 
Voltage On VDD WITH: TeSP6Cl 10 VSS = seis cciciwiseccaicsenvarcasacesiesecveraunwias seawuawesasaemeeu sonic sanucaatanedecadseesaeeteaseisienstas Oto +7.5V 
Voltage on MCLR with respect to VSS (Note 2) oo. ccc seccsecsescecsecceceeceececcsevsccancersecseseceecarsacuesasarencuecsevanseneass 0to+14V 
Total power Dissipation. (NOT 1) oc oscs cc ancnccrsatence biden acewspsteaes caccedseonsqsssanseod soeeaaiees sans cteavsnnsuoatanens cossdeus aueedadeanaaasees 800mW 
Maximum Current out of VSS Din ............ccccscssssesssustonscssvascssssssnsnsecssssncccceceuansunesccsasecasescacacauseesessecuassesacecasecensucesens 150mA 
Maximuint: Current inte. VDD: Bin x cncieicedcassingsadaceeysanniath onhaw dans veaacbentgedaeedvec@edoabehobeuneseewiebesdecoasPraciniabenessondacsdetuedecsiees 100mA 
Input Clamp current, IIK (Vi<O OF Vi> VDD)... cece cetscssessessssssstecssecesecsssessessssseaseeses LdsSue lide etaeasis Siescecutu este satuoudecvusesectec: +20mA 
Output clamp current, lOK (VO <O Of VO>VDD)...........cccccssssscssessssessescecssssseseesscesessecsssssessssuscscstsnsesecrestssesetsstecsseseesscessseses +20mA 
Maximum Output Current sunk by any W/O pin... cecesceececcece cee esceececeeeeessecscecaasseasaeeeesenaesesueecueaenseense estate 25mA 
Maximum Output Current sourced by any W/O Pin... 0... cecceceeeccececcccuceceeseecescscececesecsececeseseeseceesesueauceutaueneaegeeens 20mA 
Maximum Current sunk by PORTA ............::cssssssccssssenseeeecccesnsseeceececeecsessuaeneaueeececceseeseaseuseeseseeseesecescaneneseueeseeeeeeeses ees 80mA 
Maximum Current Sourced DY. PORTA wis scccccechicasc ccs cacicaecsecdeovscencua ssn cwasvoishavadiapvnte Iaiohenatinnesvasscanousanecaguddessesdbaatiagestedes 50mA 
Maximum. Curment:Sunk Dy: P OR TB case sss ries siecle lasis acta Gace al ealigeaaueuesie daiculsuaaco wes tobonseiue tides veneastabasaciounn caoueedisnen 150mA 
Maximum Current sourced by PORTB............ccccccssssccccscssssesscesesesesseesseaeeeeceececeseeenensaeececeseseseaesescseeaeseececeseeeeseeer ees 100mA 


Note 1: Power dissipation is calculated as follows: Pdis = VoD x {IDD - ©) loH} + © {(VDD-VOH) x IOH} + &(Vol x IOL) 


Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling 
this pin directly to Vss. 





TABLE 20-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


OSC 16C61-04 16C61-20 16LC61-04 


Vpp: 4.0V to 6.0V 

IDD: 3.3mMA Max. at 5.5V 

IPD: 144A Max. at 4V WDT dis 
Freq: 4MHz Max. 

VbpD: 4.0V to 6.0V 

IDD: 3.3MA Max. at 5.5V 

IPD: 14.A Max. at 4V WDT dis 


Freq: 4MHz Max. 


VbD: 3.0V to 6.0V 

IDp: 32uA Max. at 32 KHz, 3.0V 
IPD: 9UA Max. at 3.0V WDT dis 
Freq: 200KHz Max. 


The Shaded: sacle Sindicale oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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20.1 


DC CHARACTERISTICS: PIC16C61-04 (Commercial, Industrial, Automotive) | 
PIC16C61-20 (Commercial, Industrial, Automotive) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 


DC CHARACTERISTICS __ 40°C < TAS + 85°C for industrial and 


0°C < Ta <+70°C for commercial - 
_ Operating voltage VDD = 4.0V to 6.0V eG 


HS osc configuration 
| Voltage (Note 1). ; bg 


guarantee Power-On Reset 
VDD rise rate to guarantee | : V/ms | See section on power-on reset for details 


Power-On Reset 


Supply Current (Note 2) 8 | 3.3 | mA | Fosc = 4 MHz, VoD = 5.5V (Note 4) : 
| 70 LP osc configuration (PIC16LC61 -04) 
Fosc = 32 KHz, VDD = 4.0V, WDT disabled 
. | : 30 HS osc configuration (PIC16C61-20) _ 
Fosc = 20 MHz, VoD = 5.5V | 





VpD=4.0V, WDT enabled,-40°C to +85°C 


Vpp=4.0V, WDT disabled,-40°C to +85°C 


pA 

mA 

LA 

uA | VoD=4.0V, WDT disabled,-0°C to +70°C 
LA 

uA | VoD=4.0V, WDT disabled,-40°C to +125°C 


These parameters are characterized but not tested. 


~ Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 


tested. 
This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 


: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 


switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for all IDD measurements in active operation mode are: 

OSC 1=external square wave, from rail to rail; all 1/O pins tristated, pulled to Vpp, - 

MCLR = Vpp; WDT enabled/disabled as specified. 


: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 


part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vgg. 


: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 


mula Ir = VoD/2Rext (mA) with Rext in KOhm. 





REE I a a a a Mie EON EI NER kN ES I a I a a eT oe EE RE 
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20.2 DC CHARACTERISTICS: PIC16LC61-04 (Commercial, Industrial, Automotive) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 


DC CHARACTERISTICS 40°C <TA<+ 85°C for industrial and 
0°C < TA < +70°C for commercial 
Operating voltage VDD = 3.0V to 6.0V 


[Characteristic | Sym | Min | Typt [Max| Unts| Conditions 
Suppyvolage vo ao 


RAM Data Retention Voltage 
(Note 1) 

VbD start voltage to guarantee 
Power-On Reset 


VDD rise rate to guarantee 
Power-On Reset 


Supply Current (Note 2) 




















See section on power-on reset for details 


See section on power-on reset for details 





Fosc = 4 MHz, VoD = 3.0V (Note 4) 


FOSC = 32 KHz, VDD = 3.0V, WDT disabled 
(Note 5) 









wA | VDD=3.0V, WDT enabled,-40°C to +85°C 
uA | VoD=3.0V, WDT disabled,0°C to +70°C 
wA | VoD=3.0V, WDT disabled,-40°C to +85°C 
WA | VoD=3.0V, WDT disabled,-40°C to +125°C 


These parameters are characterized but not tested. 

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for all p> measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all /O pins tristated, pulled to Vop, 
MCLR = Vpp; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 

4: XT, RC OSC configuration. For RC osc configuration, current through Rext is not included. The current through the resistor 
can be estimated by the formula Ir = Vpp/2Rext (mA) with Rext in kKOhm. 

5: LP OSC configuration. 


| aan SR AE TT Oa TE I EE FI EC PP ES SEI OEE ED ET PE EE TEES SLES EE ST ST EE TE EE SEED, 
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20.3 DCCHARACTERISTICS: = PIC16C61-04 (Commercial, Industrial, Automotive) 
PIC16C61-20 (Commercial, Industrial, Automotive) 
PIC16LC61-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 

| -40°C <TAs<+ 85°C for industrial and 

00°C < TA < +70°C for commercial 

Operating voltage VDD range as described i in DC spec Table 20-1 and 
Beh 20-2 


Input LowVoltage | Low Voltage 
I/O ports 

with TTL buffer 

with Schmitt Trigger buffer 
MCLR, RA4/TOCKI,OSC1 (in RC 
mode) 
OSC1 (in XT, HS and LP) 


DC CHARACTERISTICS 


with TTL buffer V |4.5V < Vpp < 5.5V 
) For entire VDD range 
with Schmitt Trigger buffer — : : For entire VDD range 
MCLR RA4/TOCKI 
OSC1 (XT, HS and LP) > ; : — 


Input ligakagat Current ere 2, 3) 
I/O ports . 
MCLR, RA4/TOCKI 


loL = 8.5mA, VDD-4.5V, -40°C to +85°C 
loL = 7.0mA, VDD-4.5V, -40°C to +125°C 
loL = 1.6mA, VbDD-4.5V, -40°C to +85°C 
(RC osc configuration) : loL = 1.2mA, VoD-4.5V, -40°C to +125°C 
Output High Voltage : 
I/O ports (Note 3) IOH = -3.0mA, VoD=4.5V, -40°C to +85°C 
IOH = -2.5mA, VDD=4.5V, -40°C to +125°C 
OSC2/CLKOUT ‘ IOH = -1.3MA, VDD=4.5V, -40°C to +85°C 
(RC osc configuration) : IOH = -1.0mA, VoD=4.5V, -40°C to +125°C 
Capacitive Loading Specs on Out- 


In XT, HS and LP modes when external 
| clock is used to drive OSC1. 
All I/O pins and OSC2 (in RC mode) |Cio 
tT Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C61 be driven 
with external clock in RC mode. 
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent nor- 
mal operating conditions. Higher leakage current may be measured at different input voltages. 
3: Negative current is defined as coming out of the pin. 








SS I SS PT TE BE PE SR SR SE TEST SS DT SLI EE ES TE A ETT TR IE TT IE LAT LEE SE TE ET IE ETL SEE 
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20.4 Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 


1. TppS2ppS 3.Tcc:st —_(I?C specifications only) 
2. TppS 4.Ts (\?C specifications only) 
T 

F Frequency T Time 


Lowercase subscripts (pp) and their meanings: 


RN I EN TI I TI DT I II A TI A SS AD TG FS PRE TE TOE DENS IE ETE ERAS EEN SEE ERENT 


CCP1 
CLKOUT 
cs 

SDI 

SDO 
Data in 
/O port 
MCLR 


Fall 


High 
Invalid (Hi-impedance) 
Low 


output access 
Bus free 


DATA input hold 
START condition 


© 1995 Microchip Technology Inc. 


OSC1 

RD 

RD or WR 
SCK 

Ss 

TOCKI 
T1CKI 
WR 


Period 

Rise 

Valid 
Hi-impedance 


High 


Low 


Setup 


STOP condition 
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20.5 Timing Diagrams and Specifications 
FIGURE 20-1: EXTERNAL CLOCK TIMING 


CLKOUT 





TABLE 20-2: EXTERNAL CLOCK TIMING REQUIREMENTS 


No. 


External CLKIN Frequency ~ MHz | XT and AG osc mode 
(Note 1) | HS ose mode (PIC16C61-04, 
PIC 16C61-04) 

HS osc mode (PIC16C61-20) 
LP osc mode 
| RC osc mode 
XT osc mode 
HS osc mode (PIC 16C 61-04, 
PIC16C61-04) 

HS ose mode (PIC16C61-20) 
XT and RC osc mode 
HS ose mode (PIC16C61-04, 
PIC 16C61-04) 

HS osc mode (PIC16C61-20) 
LP osc mode 
RC osc mode 
XT osc mode 
HS ose mode (PIC16C61-04, 
PIC 16C 61-04) 

HS osc mode (PIC16C61-20) 
LP osc mode 












































Oscillator Frequency 
(Note 1) 














External CLKIN Period 
(Note 1) 

















Oscillator Period 
(Note 1) 







TosL, | Clock in (OSC1) High or Low Time 
TosH 


XT oscillator 
LP oscillator 
HS oscillator 
XT oscillator 
LP oscillator 
HS oscillator 













TosR, | Clock in (OSC1) Rise or Fall Time 





Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are based on char- 
acterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con- 
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1 pin. 

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 


LL I a I I A I aR a Ee Ee TE A OE EE 
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FIGURE 20-2: LOAD CONDITIONS 


Load condition 1 Load condition 2 
Vop/2 


RL 





RL = 4640 


CL = 50pF forall pins except OSC2 
25pF for OSC2 output 





a a 
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FIGURE 20-3: CLKOUT AND VOTIMING_ 





I 
t — > 


es LLL. YL 


Note: Refer to Figure 20-2 for load conditions. 


TABLE 20-3: CLKOUT AND I/OTIMING REQUIREMENTS 


No. 

P10 TosHiacktPOscTTtecLKOUTE 

iT [Teste [OSCIPeGLKOUTE 

2 [Te |[cikouTrsetme SST SCT | 
Paste tur Fattime 8 
15 TioV2ckH 0.25 Tcv+30 | ons | 
16 

17 

18 

19 

20 

21 





















TosH2ioV | OSC1T (Q1 cycle) to Port out valid | | 
TosH2iol OSC1T (Q2 cycle) to Port input invalid TBD 
(1/O in hold time) | 
TioV20sH | Port input valid to OSC1T (I/O in setup TBD 
time) 
20 


[21 [Tie | Port outta tine ee 


de. => | TckH2iol —_| Port in hold after CLKOUT T a: See 






22tt INT pin high or low time 
23tt RB<7:4> change INT high or low time 


These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
tt These parameters are asynchronous events not related to any internal clock edges. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 


* 
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FIGURE 20-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 


Vpp Pg 
MCLR y \; / 
Internal ere _ re 
POR , SA 
Regent! 33 —e | ( 
PWRT ; | 
Timeout ' 30. ! 


OSC : ' 
Timeout 


Internal 
RESET 


Watchdog a eee ener 


Timer 
RESET 


\/O Pins »-————_< ra 


Note: Refer to Figure 20-2 for load conditions. 


TABLE 20-4: RESET,WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


TIMER REQUIREMENTS 

ei" alk ela Goad Maal 
No. 

VDD = 5V, -40°C to +125°C 


MCLR Pulse Width (low) 200 Le 
VDD = 5V, -40°C to +125°C 


3 Twdt | Watchdog Timer Timeout Period 7* 
Oscillation Start-up Timer Period | | 1024 Tosc | 
3 


oO 

0 

1 18 

2 

 ccctiamaaieenetd 


Tioz | I/O High Impedance from MCLR 100 
Low 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 


These parameters are characterized but not tested. 
tested. 




























3 


G) 
+ 





SRA REAPER AEP AE SRE AEB PETIA TE SENS RIN ERE AEFI ETE EE ETT D TA IE DRE OEE SS TEN ALLIS EI REE IESE TEN TTT TE TLE APRS TE TT AIEEE DE TE LIE LEE PEPE LDP ELT ETE IEE TI PES ESE ED ISTE SE EE EASE EE TEE TET ET ESET LG TEED LSE TESTE ELE EIS 
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FIGURE 20-5: TIMERO CLOCK TIMINGS 


] 
ramos) 
| | ) | 
<< — 40>! ~<— 41» | 
| 
! | 
| 
| 


OS 


Note: Refer to Figure 20-2 for load conditions. 





TABLE 20-5: TIMERO AND TIMER1 CLOCK REQUIREMENTS 


TOCKI High Pulse Width 0.5 Tey + 20° 
With Prescaler ioe 


TOCKI Low Pulse Width No Prescaler 0.5 Tcy + 20° 


42 TtOP | TOCKI Period Tey + 40 N = prescale value 
(2, 4, ..., 256) 





10* 
With Prescaler 
+ * 
N 


‘i These parameters are characterized but not tested. 
t  Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
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21.0 DC AND AC FIGURE 21-2: TYPICAL RC OSCILLATOR 
CHARACTERISTICS GRAPHS FREQUENCY vs VoD 
AND TABLES FOR PIC16C61 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified VDD 
range). This is for information only and devices are 
guaranteed to operate properly only within the specified 
range. 


The data presented in this section is a statistical sum- 
mary of data collected on units from different lots over 
a period of time. ‘Typical’ represents the mean of the 
distribution while 'max' or ‘min' represents (mean + 3s) 
and (mean - 3s) respectively where s is standard devi- 
ation. 





FIGURE 21-1: TYPICAL RC OSCILLATOR 
FREQUENCY vs 
TEMPERATURE 


Rext = 10K 
Cext = 100pF 





FIGURE 21-3: TYPICAL RC OSCILLATOR 
FREQUENCY vs Vpp 





Fose (Mhz) 


Cext = 100pF, T = 25°C 


—_ 5 4.0 45 
V DD (Volts) 








© 1995 Microchip Technology Inc. DS30234A-page 2-485 


PIC16C6X 





FIGURE 21-4: TYPICAL RC OSCILLATOR TABLE 21-1: RC OSCILLATOR | 
FREQUENCY vs Vpp | | ___ FREQUENCIES 


Cext 
Fosc @ 5V, 25°C 


4.7K ° [4.52MHz  /[+17.35% 
| 10k 2.47MHz /|+10.10% 
100k 290.86 KHz |+11.90% 


14.92MHz |+9.43% 
1.48MHz |+9.83% 
788.77 KHz |+10.92% 
88.11 KHz |+16.03% 


726.89 KHz |+10.97% 
573.95 KHz 
307.31 KHz |+ 
33.82 KHz [+11.24% 


The percentage variation indicated here is part to part 
variation due to normal process distribution. The varia- 
tion indicated is +3 standard deviation from average 
value for VDD = 5V. 






























v 
<= 
= 
ail 
2 
ce) 
LL 









FIGURE 21-6: TYPICAL IPD vs Vpp 
WATCHDOG TIMER 
ENABLED 25°C 





Vop (Volts) 


FIGURE 21-5: TYPICAL IPD vs VppD | 
WATCHDOG TIMER 
DISABLED 25°C 


VoD (Volts) 





VoD (Volts) 
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FIGURE 21-7: MAXIMUM Ipp vs VDD FIGURE 21-8: MAXIMUM IPD vs Vpp 
WATCHDOG DISABLED WATCHDOG ENABLED* 


Maximum 


r eer 
i 5 40 5.0 55 60 
Voo (Volts) 





40 45 *Ipd, with watchdog timer enabled, has two compo- 

VoD (Volts) nents: The leakage current which increases with higher 
temperature and the operating current of the watchdog 
timer logic which increases with lower temperature. At 
-40°C, the latter dominates explaining the apparently 
anomalous behavior. 





FIGURE 21-9: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs Vop 


VTH (Input threshold voltage) of I/O 


Max (-40°C to 85°C) 


se! 


Min (-40°C to 85°C) 


VTH (volts) 


— 
bisa 
-_ 


VDD (volts) 
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FIGURE 21-10: ViH, Vit OF MCLR, TOCKI AND OSC1 (IN RC MODE)vsVpD 


VIH, Vit (Volts) 


Vit, Max (-40°C to 85°C) 





Vbbp (Volts) 


Note: These input pins have Schmitt trigger input buffer. 


FIGURE 21-11: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP MODES) 
vs Vpp | : a 


3.60 
3.40 
3.20 
3.00 
2.80 
2.60 
2.40 
2.20 
2.00 
1.80 
1.60 
1.40 
1.20 
1.00 





are a 


VTH (Volts) 





ented 
Le caed 
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eee! 
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3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 
VbbD (Volts) 
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FIGURE 21-12: TYPICAL IDD vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 21-14: MAXIMUM IDD vs FREQ WITH AID OFF (EXT scar TO +125°C) — 


| ie aes ae el 
| eee ee Yogi —--E i 
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100000 . 1000000 . 10000000 100000000 
Freq. (Hz) 
FIGURE 21-15: WDT TIMER TIME-OUT FIGURE 21-16: TRANSCONDUCTANCE (GM) 


PERIOD vs VppD | | OF HS OSCILLATOR vs VpD | 
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FIGURE 21-17: TRANSCONDUCTANCE (GM) FIGURE 21-19: IOH VS VOH, VDD = 3V 
OF LP OSCILLATOR vs Vpp 


45 
VbDpD (Volts) 





FIGURE 21-18: TRANSCONDUCTANCE (GM) 
OF XT OSCILLATOR vs Vpp 


1 $15 2 25 3 35 4 45 5 
VOH (Volts) 





Vop (Volts) 
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FIGURE 21-21:loL vsVoL,VpbD=3V TABLE 21-2: INPUT CAPACITANCE* 


























a PinName Typical Capacitance (pF) 
4H  |18L PDIP /|18L SOIC 
re ee @ -40°C RA port adie 














*All capacitance values are typical at 25°C. A part to 
part variation of £25% (three standard deviations) 
should be taken into account. 


Min @ -40°C 


SERS 
anranpaee 
== 
Mnipcahial 
Strap ccs 


WAT 
“EEE 
We 
TT 


051 15 2 25 3 35 4 45 5 


VOL (Volts) 
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22.0 PACKAGING INFORMATION 


For Package Dimensions, please refer to the Packaging Section of the 
Data Book. 
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22.1 Package Marking Information 
18-Lead PDIP 


MMMMMMMMMMMMM 
C) XXXXXXXXXXXXXXXX 


A\ AABBCDE 





18-Lead SOIC 


MMMMMMMMMM 
XXXXXXXXKXXXX 
XXXXXXXXXXXX 


© A AABBCDE 





18-Lead CERDIP Windowed 





40-Lead PDIP 


MMMMMMMMMMMMMM 
XKXXXXKXKKXKXKXKXKXKXKXKKXKXK 
XKXKXKXXKXKXKXKXKXKXKXKXKKKKX 
. AABBCDE 
MICROCHIP 











O 





Example 





PIC16C61-04/P 





KS 9450CBA 


Example 


PIC16C61 
-20/50 


og 9449CBA 





Example 


PIC16C61 
/JW 
9440CBT 





Example 
PIC16C65-04/P 


- 9510CAA 
O MicROCHIP 





Microchip part number information 

Customer specific information* 

Year code (last 2 digits of calender year) 

Week code (week of January 1 is week '01’) 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 


S = Tempe, Arizona, U.S.A. 
Mask revision number for microcontroller 


Mask revision number for EEPROM 
Assembly code of the plant or country of origin in which 
part was assembled. 


In the event the full Microchip part number cannot be marked on one 
line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information. 





* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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Package Marking Information (Cont'd) 


40-Lead CERDIP Windowed 





PIC16C6X 





Example 


MMMMMMMMM PIC16C65/JW 
AN XXXXXXXXXXX AN 
C) XXXXXXXXXXX C) 
eee AABBCDE eae 9450CAT 


44-Lead PLCC 


Ss 
MiIcROCcHIP 
MMMMMMMM 
O XXXXXXXXXX 
XXXXXXXXXX 


AABBCDE 





44-Lead MQFP 
Ss 


MMMMMMMM 
XXXXXXXKXKXK 
XXXKXXXKKK 


6 AABBCDE 








Example 


wae 


PIC16C64 
O -20/L 


9442CAN 


Example 


Ss 
PIC16C64 
-04/PQ 


6 9444CAP 





Microchip part number information 

Customer specific information* 

Year code (last 2 digits of calender year) 

Week code (week of January 1 is week '01’) 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

S = Tempe, Arizona, U.S.A. 

Mask revision number for microcontroller 

Assembly code of the plant or country of origin in which 
part was assembled. 


In the event the full Microchip part number cannot be marked on one 
line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information. 





* 


Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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APPENDIX A: 


The following are the list of modifications over the 


PIC16C5X microcontroller family: 


1. 


© 


10. 


11. 


12. 


13. 
14. 
15. 


16. 


17. 


Instruction word length is increased to 14 bit. 
This allows larger page sizes both in program 
memory (4K now as opposed to 512 before) and 
register file (192 bytes now versus 32 bytes 
before). 


A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAO 
bits are removed from status register. 


Data memory paging is redefined slightly. Status 
register is modified. 


Four new instructions have been added: 
RETURN, RETFIE, ADDLW, and SUBLW. 

Two instructions TRIS and OPTION are being 
phased out although they are kept for compati- 
bility with PIC16C5x. 

OPTION and TRIS registers are made address- 
able. 


Interrupt capability is added. Interrupt vector is 
at 0004h. 


Stack size is increased to 8 deep. 
Reset vector is changed to 0000h. 


Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Reg- 
isters are reset differently. 

Wake up from SLEEP through interrupt is 
added. 


Two separate timers oscillator start-up timer 
(OST) and power-up timer (PWRT) are included 
for more reliable power-up. These timers are 
invoked selectively to avoid unnecessary delays 
on power-up and wake-up. 

PortB has weak pull-ups and interrupt on 
change feature. 

RTCC pin is also a port pin (RA4/TOCKI) now. 
FSR is made a full eight bit register. 

“In system programming’ is made possible. The 
user can program PIC16CXX devices using only 
five pins: VoD, Vss, VPP, RB6 (clock) and RB7 
(data in/out). 

PCON status register is added with a Power-on- 
Reset (POR) status bit. 

Code protection scheme is enhanced such that 
portions of the program memory can be pro- 
tected, while the remainder is unprotected. 


APPENDIX B: COMPATIBILITY 


To convert code written for PIC16C5X to PIC16CXX, 
the user should take the following steps: 


1. Remove any program memory page select oper- 
ations (PA2, PA1, PAO bits) for CALL, GOTO. 

2. Revisit any computed jump operations (write to 
PC oradd to PC, etc.) to make sure page bits are 
set properly under the new scheme. 

3. Eliminate any data memory page switching. 
Redefine data variables to reallocate them. 

4. Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 

5. Change reset vector to 0000h. 
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APPENDIX C: WHAT’S NEW 


The format of this data sheet has been changed to be 
consistent with other product families. This ensures that 
important topics are covered across all PIC 16/17 fami- 
lies. Here is an overview list of new features: 


e Data Sheet Structure / Outline 


APPENDIX D: WHAT’S CHANGED 


To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This is so that control 
bits that do the same function, have the same name 
(regardless of processor family). Care must still be 
taken, since they may not be in the same special func- 
tion register. The following shows the register and bit 
names that have been changed: 


REGISTER NAME CHANGES - BIT NAME 
CHANGES 


tae 
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Features 


Clock Peripherals 















\o 
PIC17C42 25 | 2K | 232 FTMRO,TMR1, | 2/2 Yes Yes | 11 4.5-5.5 | 55 
TMR2,TMR3 
PIC17C43* 25 § 4K | 454 TTMRO,TMR1,;212] Yes Yes | 11 | 33 | 2.5-6.0 | 58 
TMR2,TMR3 


* Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high 1/O 
current capability. 
2: The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the 
device is in SLEEP mode. This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 









40-pin DIP, 44-pin PLCC, 44-pin QFP 
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Peripherals Features 









P— [18- ‘pin DIP, 18- ys OIC 


192 [TMAO, SPVI2C/ iat ~3.0-6.0 28-pin SDIP, 28-pin SOIC 
TMRi1, TMR2 SCI | 
128 TMRO, 1| spc | Yes 3.0-6.0 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 _ a 
PIC16C65 | 20 aK 192 TMRO, SPI/i2c/| Yes 11 | 33 | 3.0-6.0 40-pin DIP, 44-pin PLCC, 44-pin QFP 
, TMA1, ees _— 








—|twRo | r=] = [3 Tes] 4 [13 | 30-60 | Yes [7é-pin DIP, 18-pin SOIC, 20-pin SSOP 
el LS ee RRC 
rt fee tS ee ee 


ed = [ea = [= [= Ps [a0 | = renin dr, te-pinsore 
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— 
(22) 
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_ 
ND 
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4K 192 —— Ptseap 5 ao 11 28-pin SDIP, 28-pin SOIC 
TMR1, TMR2 SCI 
PIC16C74 4K 192 TMRO, SPI/?C/| Yes | &ch 12 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 SCI 


of — [aK] 6 [ea fro — = FT — [— T ee EE ee a 


* Please contact your local sales office for i of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high |/O current capability. 
2: The PIC16CXX Timer has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. 
_3: PORTB has software-configurable weak pull-ups. 
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PIC16C54 
PIC16C54A 
PIC16CR54 
PIC16C55 
PIC16C56 
PIC16C57 
PIC16CR57A 


2 
2 
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Peripherals 





Features 









3 


5 TMRO 2.5-6.25| 33 
TMRO 12 |2.0-6.25|] 33 


28-pin DIP, 28-pin SOIC, 28 pin SSOP 
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PIC16C58A 2.5-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP 

PIC16CR58A | 20 2.0-6.25| 33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP 

Note: All PIC 16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high !/O current 
capability. 
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E.1 Pin Compatibility 


Devices that have the same package type and VbD, Vss and MCLR pin locations are said to be pin compatible. This 
allows these different devices to operate in the same socket. Compatible devices may only requires minor software mod- 
ification to allow proper operation in the application socket (ex., PIC16C56 and PIC16C61 devices). Not all devices in 
the same package size are pin compatible; for example, the PIC16C62 is compatible with the PIC16C63, but not the 
PIC16C55. 


Pin compatibility does not mean that the devices offer the same features. As an example, the PIC16C54 is pin compat- 
ible with the PIC16C71, but does not have an A/D converter, weak pull-ups on PORTB, or interrupts. 


TABLEE-4: PIN COMPATIBILE DEVICES 


Pin Compatible Devices 


PIC16C61, | 18 pin 
PIC16C620, PIC16C621, PIC16C622, (20 pin) 
PIC16C71, PIC16C84, | 

PIC16C54, PIC16C54A, PIC16CRS54, 

PIC16C56, PIC16C58A, PIC16CR58A - 


PIC16C62, PIC16C63, PIC16C73. 






PIC16C55, PIC16C57, PIC16CR57A 28 pin 


PIC17C42, PIC17C43, PIC17C44 
PIC16C64, PIC16C65, PIC16C74.__ | 40pin 
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MID esctic erodes trad ce benocasiseeeastemeceohecetesten 
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Disabled 25°C ...........csccccssccesccceccceecees 
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Enabled 25° 6. co ssscsosegcn ies essoieae. 
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DISA DIGG sacnecaececnediduedesvan cishucnawdneadiee. 
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E MADOC i ckcs cdccives aeacecuitersecpicueesSunnéwces 


Vth (Input Threshold Voltage) of I/O 


PINS: VS VOD is cdoiiiacavncesascbucvedescateiatiers 


VIH, VIL of MCLR, RTCC and OSC1 


(in RC mode) VS VDD ..........cccccesessereeee 


VTH (input Threshold Voltage) of 
OSC1 Input (in XT, HS, and LP 


Modes) VS VDD...........cccsceeressseessseneeees 
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Maximum, lop vs FREQ (EXT Clock, 


BOP 1G 4 BSC) icc crsacesidaweaeeadasesai ess 
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Clock, -55° to +125°C).........-sccssseeeesees 


Transconductance (gm) of HS 
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Transconductance (gm) of LP 
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Transconductance (gm) of XT 


Oscillator VS VDD.............cccccssssessesenees 
IOH vs VOH, VDD = 3V...........0cceceneeeee 
IOH vs VOH, VDD = BV... eeceteeeee 
IOL vs VOL, VDD = 38V 2... ccecccesesenees 
IOL vs VOL, VDD = 5V...........eseesesesenees 
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CONNECTING TO MICROCHIP BBS 


Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In most 
cases a local call is your only expense. The Microchip 
BBS connection does not use CompuServe member- 
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a Com- 
puServe member to take advantage of this connection 
(you never actually log in to CompuServe). 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca- 

tions: 

1. Set your modem to 8 bit, No parity, and One stop 
(8N1). This is not the normal CompuServe set- 
ting which is 7E1. 

2. Dial your local CompuServe access number. 

3. Depress <ENTER.I> and a garbage string will 
appear because CompuServe is expecting a 
7E1 setting. 

4. Type +, depress <ENTER.I> and Host Name: 
will appear. 

5. Type MCHIPBBS, depress < ENTER. > and 
you will be connected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial 
(800) 848-4480 for 300-2400 baud or (800) 331-7166 
for 9600-14400 baud connection. After the een 
responds with Host Name:, type 


NETWORK, depress < ENTER.! > 
and follow CompuServe's directions. 


For voice information (or calling from overseas), you 


may call (614) 457-1550 for your local CompuServe | 


number. 


Trademarks: 
PICMASTER and PICSTART are registered 


_ trademarks of Microchip Technology Incorporated. 


PIC is a registered trademark of Microchip 
Technology Incorporated in the U.S.A. 


PRO MATE, fuzzyLAB, the Microchip logo and 
name are trademarks, and SQTP is a service mark 
of Microchip Technology Incorporated. 


_ ACCESS.bus is a trademark of the ACCESS.bus 


Industry Group (ABIG). 


fuzzyTECH is a registered trademark of Inform 
Software Corporation. 


12C is a trademark of Philips Corporation. 


IBM, IBM PC-AT are registered trademarks of 


international Business Machines Corp. 
Pentium is a trademark of Intel Corporation. 


MS-DOS and Microsoft Windows are registered 
trademarks of Microsoft Corporation. Windows is a 
trademark of Microsoft Corporation. 


CompuServe is a registered trademark of 
CompuServe Incorporated. 


All other trademarks mentioned herein are the 
property of their respective companies. 
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READER RESPONSE 


It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod- 
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 


Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 


To: Technical Publications Manager Total Pages Sent 
RE: Reader Response 


From: Name 


Company 

Address 

City / State / ZIP / Country 

Telephone: (___.)_ FAX: ( ) - 


Application (optional): 
Would you like areply?__—Y N 
Device: PIC16C6X Literature Number: DS30234A 


Questions: 


1. What are the best features of this document? 


2. How does this document meet your hardware and software development needs? 


3. Do you find the organization of this data sheet easy to follow? If not, why? 


4. What additions to the data sheet do you think would enhance the structure and subject? 


5. What deletions from the data sheet could be made without affecting the overall usefullness? 


6. Is there any incorrect or misleading information (what and where)? 


7. How would you improve this document? 


8. How would you improve our software, systems, and silicon products? 
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PIC16C6X Product Identification System 


To order or to obtain information, €.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 





[XX sar 


~ Ly pattern: 3-Digit Pattern Code for QTP (blank otherwise) 


Package: PLCC 


+ PDIP > 
SOIC (Gull Wing, 300 mil body) 

= MQFP (Metric PQFP) 

= WindowedCERDIP | 
Temperature 0°C to +70°C (T for tape/reel) 


Range: ~—40°C to +85°C (S for tape/reel) 
—40°C to +125°C 


Frequency 04 200 KHz (PIC16CEX- 04) 

Range: 04 4 MHz 
20 20 MHz 

Device: PIC16C6X :VDD range 4.0V to 6.0V 
PIC16C6XT:VbD range 4.0V to 6.0V (Tape and Reel) 
PIC16LC6X:VbDD range 3.0V to 6.0V 
PIC16LC6XT:VDD range 3.0V to 6.0V(Tape and Reel) 


Examples: 


a) PIC16C61 - 04/P 301 Commercial temp., PDIP package, 4 MHz, normal Vbp limits, QTP pattern #301 
b) PIC16LC64 - 041/SO Industrial temp., SOIC package, 4MHz, extended Vbp limits 
c) PIC16C65 - 10E/P = Automotive temp., PDIP package, 10 MHz, normal VbD limits 





sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the rowing: 


1. Your local Microchip sales office. 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 


3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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28-Pin EPROM-Based 8-Bit Microcontroller Product Brief 





FEATURES 
High-Performance RISC-like CPU 


¢ Only 35 single word instructions to learn 

All single cycle instructions (200ns) except for 
program branches which are two-cycle 
Operating speed: 

- DC - 20 MHz clock input 

- DC - 200ns instruction cycle 

2048 x 14 on-chip EPROM program memory 
128 x 8 general purpose registers (SRAM) 
Interrupt capability 

29 special function hardware registers 

Eight levels deep hardware stack 

Direct, indirect and relative addressing modes 


Peripheral Features 


22 I/O pins with individual direction control 

High current sink/source for direct LED drive 

One pin that can be configured as capture input, 

PWM output, or compare output 

- Capture is 16-bit, max resolution 12.5ns 

- Compare is 16-bit, max resolution 200ns 

- PWM resolution is 1- to 10-bit. Maximum 
PWM frequency @: 8-bit resolution = 80 KHz 
10-bit resolution = 20 KHz 

TMR1: 16-bit timer/counter (time-base for cap- 

ture/compare). TMR1 can be incremented during 

sleep via external crystal/clock (for real-time 

clock) 

TMR2: 8-bit timer/counter with 8-bit period regis- 

ter (time-base for PWM), prescaler and postscaler 

TMRO: 8-bit timer/counter with 8-bit programma- 

ble prescaler 

Synchronous serial port (SSP) with two modes of 

operation: 

- 3-wire SPI 

- 12C™/ACCESS.bus compatible 


Special Microcontroller Features 


¢ Power-on Reset (POR), Power-up Timer (PWRT) 
and Oscillator Start-up Timer (OST) 

e Watchdog Timer (WDT) with its own on-chip RC 

oscillator for reliable operation 

Programmable code-protection 

Power saving SLEEP mode 

EPROM fuse selectable oscillator options 

Serial in-system programming (via two pins) 


°C is a trademark of Philips Corporation. 
ACCESS.bus is a trademark of ABIG. 
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PACKAGE TYPES 


PDIP, SOIC, Windowed CERDIP 


RAA/TOCK! => L] 6 


21 LJ <-> RBOINT 
OSCI/CLKIN ~—> Lj 9 
OSC2/CLKOUT ~~~ Lj 10 
RCO/TOOSO/TICKI => Lj 11 
RC1/TOOSO =—> Lj 12 


Z9D9IDId 


RCYSCK/SCL ——» [] 14 15 LJ => RC4/SDIV/SDA 


28 LJ~——> RC3SCK/SCL 

27 |= RC2/CCP1 

26 LI RC1/TOOSO 

25 || RCO/TOOSO/TICKI 
24 LJ=——— OSC2/CLKOUT 

23 |J—=—~ OSC1/CLKIN 


RC4/SCVSDA ~~—> Li 1 


20 Li RA4/TOCKI 


Z9IO9LDIid (| 


CMOS Technology 


Preliminary 


Low-power, high-speed CMOS EPROM technology 
Fully static design 

Wide-operating voltage range (2.5V to 6.0V) 
Commercial, Industrial and Automotive Temp. 
Range 

Low-power consumption 

- <2mA @ 5V, 4 MHz 

- 15yA typical @ 3V, 32 KHz 

- <1pA typical standby current @ 3V 
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IC16C62 Product Identification System 


To order or to obtain information, €.g., on pricing or delivery, please use the listed part numbers, and refer to the fattory or the listed 
sales offices. 





-_PART NO. -XX X /XX XXX 
“Ly Pattern: 3-Digit Pattern Code for QTP (blank otherwise) 


Package: P 
so 
SS 
Jw 


PDIP 
SOIC (Gull Wing, 300 mil body) 
SSOP (209 mil) 
Windowed CERDIP Examples: 
a) PIC16C62 - 04/P 301 = 
0°C to +70°C Commercial temp., PDIP 
—40°C to +85°C package, 4 MHz, normal Vop 
~40°C to +125°C. limits, QTP pattern #301 
PIC16LC62 - 041/SO = 
4 MHz Industrial temp., SOIC pack- 
20 MHz age, 4 MHz, extended Voo lim- 
its 
Device: PIC16C62_ :VDD range 4.0V to 6.0V PIC16C62 - 20E/P = 
PIC16C62T :(Tape and Reel) Automotive temp., PDIP pack- 
PIC16LC62 :VpD range 2.5V to 6.0V age, 20 MHz, normal Vop lim- 
PIC16LC62T:(Tape and Reel) its 


HoH ot 


Temperature - 
Range: E 


Frequency 04 
Range: . 20 





Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office. 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 


3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 


For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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28-Pin EPROM-Based 8-Bit Microcontroller Product Brief 





FEATURES 


High-Performance RISC-like CPU 


¢ Only 35 single word instructions to learn 

All single cycle instructions (200ns) except for 
program branches which are two-cycle 
Operating speed: 

- DC - 20 MHz clock input 

- DC - 200ns instruction cycie 

4096 x 14 on-chip EPROM program memory 
192 x 8 general purpose registers (SRAM) 
Interrupt capability 

42 special function hardware registers 

Eight levels deep hardware stack 

Direct, indirect and relative addressing modes 


Peripheral Features 


22 I/O pins with individual direction control 

e High current sink/source for direct LED drive 

Two pins that can be configured as capture input, 

PWM output, or compare output 

- Capture is 16-bit, max resolution 12.5ns 

- Compare is 16-bit, max resolution 200ns 

- PWM resolution is 1- to 10-bit. Maximum 
PWM frequency @: 8-bit resolution = 80 KHz 
10-bit resolution = 20 KHz 

¢ TMR1: 16-bit timer/counter (time-base for cap- 
ture/compare). TMR1 can be incremented during 
sleep via external crystal/clock (for real-time 
clock) 

¢ TMR2: 8-bit timer/counter with 8-bit period regis- 
ter (time-base for PWM), prescaler and postscaler 

e TMRO: 8-bit timer/counter with 8-bit programma- 
ble prescaler 

¢ Serial Communications Interface (SCl) 
- Full-duplex Asynchronous Communication or 

Half Duplex Synchronous Communication 

e Synchronous serial port (SSP) with two modes of 

operation: 

- 3-wire SPI 

- 1?C™/ACCESS.bus compatible 


e 


?C is a trademark of Philips Corporation. 
ACCESS.bus is a trademark of ABIG. 





PACKAGE TYPES 


PDIP, SOIC, Windowed CERDIP 


RAQ/ANO «——~[] 2 
RA1/AN1 =——>(] 3 
RA2/AN2 =—>L] 4 
RAS/ANS > L] 5 
RA4/TOCK! ~—> (J 6 
RAS/SS/AN4 ~—>(] 7 
21 [J +—> RBOIINT 


OSC1/CLKIN =——>L] 9 
OSC2/CLKOUT =—>L] 10 
RCO/TOOSO/T1CKI => Lj 11 
RC1/TOOSO/CCP2 =~ L]} 12 


€99910ld (| 


18 LJ ~—~ RC7/RX/DT 
17 |. *-—> RCE/TX/CK 
16 LJ ~——> RCS/SDO 

15 LJ<——~ RC4/SDI/SDA 


RC2/CCP1 ——-[] 13 
RCS/SCK/SCL ——e [] 14 


Special Microcontroller Features 


Power-on Reset (POR), Power-up Timer (PWRT) 
and Oscillator Start-up Timer (OST) 

Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 

Programmable code-protection 

Power saving SLEEP mode 

EPROM fuse selectable oscillator options 

Serial in-system programming (via two pins) 


CMOS Technology 


Low-power, high-speed CMOS EPROM technology 
Fully static design 

Wide-operating voltage range (3.0V to 6.0V) 
Commercial, Industrial and Automotive Temp. 
Range 

Low-power consumption 

- <2mA @ BV, 4 MHz 

- 15yA typical @ 3V, 32 KHz 

- <1pA typical standby current @ 3V 


© 1994 Microchip Technology Inc. 
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PIC16C62 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the en or the listed 
sales offices. 


PART NO. -XX X /XX XXX 


Pattern: 3-Digit Pattern Code for QTP (blank otherwise) 


Package: P 
SO 
SS 
JW 


PDIP 

SOIC (Gull Wing, 300 mil body) 

SSOP (209 mil) 

Windowed CERDIP Examples: 

a) PIC16C62 - 04/P 301 = 

0°C to +70°C | Commercial temp., PDIP 

~40°C to +85°C package, 4 MHz, normal Vop 

--40°C to +125°C limits, QTP pattern #301 

PIC16LC62 - 041/SO = 
4 MHz industrial temp., SOIC pack- 
20 MHz age, 4 MHz, extended Von lim- 
its 

Device: PIC16C62 :VDD range 4.0V to 6.0V PIC16C62 - 20E/P = 
PIC16C62T :(Tape and Reel) Automotive temp., PDIP pack- 
PIC16LC62 :Vop range 2.5V to 6.0V age, 20 MHz, normal Voo lim- 
PIC16LC62T:(Tape and Reel) its 


Temperature - 
Range: L 


Frequency 04 
Range: 20 





Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
| recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office. 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 


3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786- 7302. 
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MICROCHIP PIC 6C7X 


8-Bit CMOS Microcontrollers with Analog Converter 














Devices included in this Data Sheet: PACKAGE TYPES 

° PIC16C74 PDIP, Windowed CERDIP 

¢ PIC16C73 

¢ PIC16C71 MCLAWVer ——~ C1 a, 40 ]}-—+ RB7 










RAO/ANO ~—+( 2 39 | ]~—-> RB6 


High-Performance RISC-like CPU RAV/ANI —eC] 3 38 [1-—~ ABs 


RA2/AN2 -—+[] 4 37 [J -—+ RB4 
¢ Only 35 single word instructions to learn FASANSIVREF “eer h 5 36 | <> RBS 



























: é RA4/TOCK! -—* (J 6 35 (-——e RB2 
¢ All single cycle instructions (200ns) except for pro- RASANAISS <—eC] 7 - 34 []<—= RBt 
H REO/AD/ANS ~—~(] 8 — 33 LJ <—» RBOANT 
gram branches which are two-cycle . AEVVFUANe <—~L ¢ 5 i 
¢ Operating speed: DC - 20MHz clock input RE2/CS/AN7 =—»C] 10 = 31} +—Vss 
. ° Voo ——« [) 14 30 L]<—» RD7/PSP7 
DC - 200ns instruction cycle Wee tle Q pl = eee try aes 
H OSC1/CLKIN —~L] 13 p~ 28 LJ =—> RDS/PSP5 
Device Program Data Memory OSC2/CLKOUT =——Lj 14 27 L1~+—> RD4/PSP4 
Memor RCO/T1 OSO/TICKI =—>[] 15 26 []+—> RC7/RX/DT 
RC1/TIOSI/CCP2 «—(] 16 25 (J +—> RC6/TX/CK 
PIC16C74/73 ACZ/CCP1 <—eL] 17 24 H1+—» RCS/SDO 
RCS/SCK/SCL ~—+~C] i8 23 LJ~+—> RC4/SDI/SDA 






PIC16C71 
¢ Interrupt capability 


¢ Eight levels deep hardware stack 
¢ Direct, indirect and relative addressing modes 


Peripheral Features of all PIC16C7X 


TMRO | High Current 
sink/source 
PIC16C74 25 mA/25 mA 


| 8 | Yes 
OSC1/CLKIN. ———» 


Peripheral Features of the PIC16C74/73 only OSC2/CLKOUT <—— 


RCOQ/TIOSO/TICKI ~<¢———»- 


RDO/PSPO0 «—-~ (J 19 
RD1/PSP1 «—»[] 20 


22 []<——> RDS/PSP3 
21 [}~«—» RD2/PSP2 


PDIP, SOIC, Windowed CERDIP 


MCLRYVPP ——_-» 
RAO/ANO «<¢——o> 
RA1/AN1 «q——pe 
RA2/AN2 <¢— 

RAWANS/VREF ~<a—p> 

RA4/TOCK! <q———> 

RASISS/AN4 <q——s> 


<1——» RB7 
~<t-——-> RBG 
<——-e RBS 
<——-» RB4 
<-> RB3 
<q——» FAB2 
~<t-—» PB1 
<t———-~ ABO/INT 
<«———_ Vop 























€199191d 


<«——- Vss 


¢ Two pins that can be configured as capture input, etecas 





RC1/TIOSHCCP2 ~<t—t <> RCE/TXICK 
PWM output, or compare output RC2/CCP1 <-——t <+— > FC5/SDO 
- Capture is 16-bit, max resolution 12.5ns RC3/SCK/SCL <+——t +> RC4/SDI/SDA 


- Compare is 16-bit, max resolution 200ns 
- High resolution PWM 

¢ TMR1: 16-bit timer/counter (time-base for cap- PDIP, SOIC, Windowed CERDIP 
ture/compare). TMR1 can be incremented during 
sleep via external crystal/clock (for real-time clock) 

¢ TMR2: 8-bit timer/counter with 8-bit period register 
(time-base for PWM), prescaler and postscaler 

* Serial Communications Interface (SCI)/USART 

¢ Synchronous serial port (SSP) with SPI and 
l2C™/ACCESS.bus™ RBoANT <-— []6 


Peripheral Features of the PIC16C74 only 


¢ Parallel Slave Port (PSP): 8-bitwide, with external RD, WRand 
CS controls (microprocessor bus interface) 


Special Microcontroller Features 


181 | <¢—» RA1/AN1 
RAVANS/Vrer t+—> |] 2 17{_ | ~t—» RAO/ANO 
16[ | <#——~ OSC 1/CLKIN 
15] ———s» OSC2/CLKOUT 


RA4/TOCK! ~t+—> L]3 


a 
© 
wach, 
D 
© 
1 
exci, 





° Power-on Reset (POR CMOS Technology 

¢ Power-up Timer (PWRT) and Oscillator Start-up Timer ¢ Low-power, high-speed CMOS EPROM technology 
(OST) ¢ Fully static design 

¢ Watchdog Timer (WDT) with its own on-chip RC ¢ Wide-operating voltage range - (3.0V to 6.0V for 
oscillator for reliable operation PIC16C74/PIC16C73/PIC16C71)) 

¢ Programmable code-protection ¢ Commercial, Industrial, and Automotive Temp. Range 

¢ Power saving SLEEP mode ¢ Low-power consumption- <2mA @ 5V, 4 MHz 

* Fuse selectable oscillator options - 15mA typical @ Se 32 KHz 

* Serial in-system programming (via two pins) - <1mA typical standby current 
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PACKAGE TYPES 


6 ( «—» RAS/AN3SRA2/ANS/VReEF 


RA4/TOCK! «—e» (| 7 


PIC16C74 


SS 
OSCI/CLKIN ——» (7 14 
OSC2/CLKOUT «— 1 15 
RCO/TIOSO/TICK! «—» Cj 16 
N 


32 []<—» RD6/PSP6 
31 D~—+» RDS/PSPS 
30 0<—» RD4/PSP4 
29 I «—» RC7/RX/DT 


OdSd/0d <-> LU jz 
bkdSd/lLdy «> Lj zz 
edSd/zdu <—» Uj ¢z 
€dSd/fdW «—> Li 42 
vasids/roW «—> Usz 
Oas/souW «—> C 9z 
HOKLIOY +> Lj 7z 


oh 

oe 
a 
D 
a 
2 
5 
fe) 
0 
np 
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1.0 GENERAL DESCRIPTION 


The PIC16C7X is a family of low-cost, high-perfor- 
mance, CMOS, fully-static, 8-bit microcontrollers. 


All PIC16/17 microcontrollers employ an advanced 
RISC-like architecture. The PIC16CXX has enhanced 
core features, eight-level deep stack, and multiple inter- 
nal and external interrupt sources. The separate 
instruction and data buses of the Harvard architecture 
allow a 14-bit wide instruction word with the separate 
8-bit wide data. The two stage instruction pipeline 
allows all instructions to execute in a single cycle, 
except for program branches (which require two 
cycles). A total of 35 instructions (reduced instruction 
set) are available. Additionally, a large register set gives 
some of the architectural innovations used to achieve a 
very high performance. 


PIC16CXX microcontrollers typically achieve a 2:1 
code compression and a 4:1 speed improvement over 
other 8-bit microcontrollers in its class. 


The PIC16C74 device has 192 bytes of RAM and 33 
/O pins. In addition several peripheral features are 
available including: three timer/counters, two cap- 
ture/compare/PWM modules and two serial ports. The 
synchronous serial port can be configured as either a 
3-wire Serial Peripheral Interface (SPI) or the two-wire 
Inter-Integrated Circuit (I?C™) bus. The Serial Commu- 
nications Interface (SCI) can be configured as either 
synchronous or asynchronous (USART). An 8-bit Par- 
allel Slave Port is provided. Also an 8-channel 
high-speed 8-bit A/D is provided. The 8-bit resolution is 
ideally suited for applications requiring low-cost analog 
interface, e.g. thermostat. control, pressure sensing, 
etc. 


The PIC16C73 device has 192 bytes of RAM and 22 I/O 
pins. In addition several peripheral features are avail- 
able including: three timer/counters, two capture/com- 
pare/PWM modules and two serial ports. The 
synchronous serial port can be configured as either a 
3-wire Serial Peripheral Interface (SPI) or the two-wire 
Inter-Integrated Circuit (I2C) bus. The Serial Communi- 
cations Interface (SCI) can be configured as either 
synchronous or asynchronous (USART). Also a 
5-channel high-speed 8-bit A/D is provided. The 8-bit 
resolution is ideally suited for applications requiring 
low-cost analog interface, e.g. thermostat control, 
pressure sensing, etc. 


The PIC167C71 device has 36 bytes of RAM and 13 I/O 
pins. In addition a timer/counter is available. Also a 
4-channel high-speed 8-bit A/D is provided. The 8-bit 
resolution is ideally suited for applications requiring 
low-cost analog interface, e.g. thermostat control, pres- 
sure sensing, etc. 


The PIC16C7X family has special features to reduce 
external components, thus reducing cost, enhancing 
system reliability and reducing power consumption. 
There are four oscillator options, of which the single pin 
RC oscillator provides a low-cost solution, the LP oscil- 


lator minimizes power consumption, XT is a standard 
crystal, and the HS is for High Speed crystals. The 
SLEEP (power-down) mode offers power saving. The 
user can wake up the chip from SLEEP through several 
external and internal interrupts and reset. 


A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software 
lock-up. 


A UV-erasable CERDIP-packaged version is ideal for 
code development while the cost-effective One-Time 
Programmable (OTP) version is suitable for production 
in any volume. 


Table 1-1 shows the features of the PIC16C7X family. 


Table 1-2 shows information on which sections apply to 
the specific devices. 


Simplified block diagrams of the PIC16C74, PIC16C73 
and PIC16C71 are shown in Figure 3-1, Figure 3-2, 
and Figure 3-3 respectively. 


The PIC16C7X family fits perfectly in applications rang- 
ing from security, remote sensors, appliance control to 
automotive. The EPROM technology makes customiza- 
tion of application programs (transmitter codes, motor 
speeds, receiver frequencies, etc.) extremely fast and 
convenient. The small footprint packages make this 
microcontroller series perfect for all applications with 
space limitations. Low-cost, low-power, high perfor- 
mance, ease of use and I/O flexibility make the 
PIC16C7X very versatile even in areas where no micro- 
controller use has been considered before (e.g. timer 
functions, serial communication, capture and compare, 
PWM functions and co-processor applications). 


1.1 Family and Upward Compatibility 


Those users familiar with the PIC16C5X family of 
microcontrollers will realize that this is an enhanced 
version of the PIC16C5X architecture. Please refer to 
Appendix A for a detailed list of enhancements. Code 
written for PIC16C5X can be easily ported to 
PIC16CXX family of devices (see Appendix B). 


1.2 Development Support 


The PIC16CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
full-featured programmer. A “C” compiler and fuzzy 
logic support tools are also available. 
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(ia [ 3080 | — fiepnD Ten SOIC 


lis ace Sa 28-pin SDIP, 28-pin SOIC 
a ane - |28-pin SDIP, 28-pin SOIC 
3.0-6.0 ae 40-pin DIP, 44-pin PLCC, 44-pin QFP 
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TMRO, SPI/?C/| Yes 


2 
ITMR1, TMR2 k SCI 


Pic1ec620"] 20 [5i2| — | 80 |—fTMRO |-| — | —| — | 
Pictece2i*} 20 Pik | — | 80 |—fTMRO [| — | — | — | 
Pici6cez2 | 20 | 2K | — | BO elec lee a 

Z g Te 


a 


3.0-6.0 | Yes [18-pin DIP, 18-pin SOIC, 20-pin SSOP 
3.0-6.0 | Yes [18-pin DIP, 18-pin SOIC, 20-pin SSOP 


SEUSS 


3.0-6.0 | Yes |1 -pin DIP, 18-pin SOIC, 20-pin SSOP 

























Me 398 CG UWA le ea eee 
* Please contact your local sales office for availability of these devices. - . ) 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high |/O current capability. 
2: The PiC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. This allows a Real Time 
Clock to be implemented. 
3: | PORTB has software-configurable weak pull-ups. 
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PIC16C7X FUNCTION SECTIONS 


FUNCTION SECTION 


PIC16C74 PIC16C73 - PIC16C71 








/O Ports 
PORTA 
PORTB 
PORTC 
PORTD 
PORTE 


I/O Programming 


Parallel Slave Port 


on 
Oo 
O1 
oO 


de ste eld ack 
f] to) ho] 


On 
1S] 


SI] |] on] onl § 
(>) “I ® 
| a} a} a] or 
Go| Po} +1 © 
O1 
o> 


N 
(o) 
N « if ov, on 
© nh] — 


Timer Module Overview 





co 
oO 


Capture/Compare/PWM 10.0 


Synchronous Serial Port (SPI/#C) 11.0 pO 
Serial Communications Interface (USART) 12.0 


A/D Converter 13.0 13.0 
CCP Special Trigger for A/D 13.8 
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2.0 PIC16C7X DEVICE VARIETIES 


A variety of frequency ranges and packaging options 
are available. Depending on application and production 
requirements the proper device option can be selected 
using the information in the PIC16C7X Product Selec- 
tion System section at the end of this data sheet. When 
placing orders, please use the “PIC16C7X Product 
Identification System” on the back page of this data 
sheet to specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in CERDIP package 
is optimal for prototype development and pilot pro- 
grams. 


The UV erasable version can be erased and repro- 
grammed to any of the configuration modes. 
Microchip's PICSTART® and PRO MATE™ program- 
mers both support programming of the PIC16C7X. 
Third party programmers also are available, refer to the 
Third Party Guide for a list of sources. 


2.2 One-Time-Programmable (OTP) 
Devices 


The availability of OTP devices is especially useful for 
customers who need the flexibility for frequent code 
updates and small volume applications. 


The OTP devices, packaged in plastic packages permit 
the user to program them once. In addition to the pro- 
gram memory, the configuration bits must also be pro- 
grammed. 


2.3 uick-Turnaround-Pr tion (QTP 
Devices 


Microchip offers a QTP Programming Service for fac- 
tory production orders. This service is made available 
for users who choose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and fuse options already pro- 
grammed by the factory. Certain code and prototype 
verification procedures do apply before production 
shipments are available. Please contact your local 
Microchip Technology sales office for more details. 


2.4 Serialized Quick-Turnaround 


Production (SQTP=“) Devices 


Microchip offers a unique programming service where 
a few user-defined locations in each device are pro- 
grammed with different serial numbers. The serial num- 
bers may be random, pseudo-random or sequential. 


Serial programming allows each device to have a 
unique number which can serve as an entry-code, 
password or ID number. 


LSE RA SS ES AS SI SST TS TS 2 ES I SED A A A ES EE IRIS TD LP LT ES NA OI ALE A EE ERIE TEETH D 
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3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16CXX family can be 
attributed to a number of architectural features com- 
monly found in RISC microprocessors. To begin with, 
the PIC16CXX uses a Harvard architecture, in which, 
program and data are accessed from separate memo- 
ries using separate busses. This improves bandwidth 
over traditional von Neumann architecture where pro- 
gram and data are fetched from the same memory 
using the same bus. Separating program and data bus- 
ses further allows instructions to be sized differently 
than 8-bit wide data word. Instruction op-codes are 
14-bits wide making it possible to have all single word 
instructions. A 14-bit wide program memory access bus 
fetches a 14-bit instruction in a single cycle. A 
two-stage pipeline overlaps fetch and execution of 
instructions (see Example 3-1). Consequently, all 
instructions (35) execute in a single cycle (200ns @ 
20MHz) except for program branches. 


The PIC16C74 and PIC16C73 address 4K x 14 pro- 
gram memory and the PIC16C71 addresses 1K x 14 of 
program memory. All program memory is internal. 


The PIC16CXX can directly or indirectly address its 
register files or data memory. All special function regis- 
ters including the program counter are mapped in the 
data memory. The PIC16CXX has an orthogonal (sym- 
metrical) instruction set that makes it possible to carry 
out any operation on any register using any addressing 
mode. This symmetrical nature and lack of ‘special 
optimal situations’ make programming with the 
PIC16CXX simple yet efficient. In addition, the learning 
curve is reduced significantly. 


The PIC16CXX device contains an 8-bit ALU and work- 
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions 
between data in the working register and any register 
file. 


The ALU is 8-bit wide and capable of addition, subtrac- 
tion, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple- 
ment in nature. In two-operand instructions, typically 
one operand is the working register (W register). The 
other operand is a file register or an immediate con- 
stant. In single operand instructions, the operand is 
either the W register or a file register. 


The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow and digit borrow out bit, respec- 
tively, bit in subtraction. See the SUBLW and SUBWF 
instructions for examples. 


A simplified block diagram for the PIC16C74 is shown 
in Figure 3-1, its corresponding pin description is 
shown in Table 3-1, a simplified block diagram for the 
PiIC16C73 is shown in Figure 3-2, its corresponding pin 
description is shown in Table 3-1, and a simplified block 
diagram for the PIC16C71 is shown in Figure 3-3, its 
corresponding pin description is shown in Table 3-1. 
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FIGURE 3-1: PIC16C74 BLOCK DIAGRAM 
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FIGURE 3-2: PIC16C73 BLOCK DIAGRAM 
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FIGURE 3-3: 
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PIC16C71 BLOCK DIAGRAM 
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TABLE 3-1: PIC16C74 PINOUT DESCRIPTION 


PLCC /O/P Buffer Descrntion 
No. Type Type P 
OSC1/CLKIN 13 ST/CMOS?% | Oscillator crystal input/external clock source input. 


Oscillator crystal output. Connects to crystal or resonator 
in crystal oscillator mode. In RC mode, OSC2 pin outputs 
CLKOUT which has 1/4 the frequency of OSC1, and 

denotes the instruction cycle rate. 


Master clear (reset) input/programming voltage input. 
This pin is an active low reset to the device. 


PORTA is a bidirectional I/O port. 

Analog input 0 

Analog input 1 

Analog input 2 

Analog input 3/VREF 

Can also be selected to be the clock input to the 

TMRO timer/counter. Output is open collector type. 

Analog input 4 can also be the slave select for the 
synchronous serial port. 
PORTB is a bidirectional !/O port. PortB can be software 
programmed for interna! weak pull-up on all inputs. 
RBO/INT can also be selected as an external inter- 
rupt pin. 







































MCLR/Vee 

















RAO/ANO 
RA1/AN1 
RA2/AN2 
RA3/AN3/VREF 
RA4/TOCKI 






RAS/AN4/SS 











Interrupt on change pin. 
Interrupt on change pin. 
Interrupt on change pin. Serial programming clock. 
Interrupt on change pin. Serial programming data. 
PORTC is a bidirectional |/O port. 
RCO/T1OSO/TICKI can also be selected as a 
Timer1 oscillator output/Timer1 clock input.. 
RC1/T1OSI/CCP2 can also be selected as a Timer1 
oscillator input or Capture 2, input/Compare 2 out- 
put/PWM 2 output. 
RC2/CCP1 can also be selected as a capture1 
input/compare1 output/PWM1 output. 
RC3/SCK/SCL can also be selected as the synchro- 
nous serial clock input/output for both SPI and |@C 
modes. 
RC4/SDI/SDA can also be selected as the SPI Data 
In (SPI mode) or data I/O (2c mode). 
RC5/SDO can also be selected as the SPI Data Out 
(SPI mode). 
RC6/TX/CK can also be selected as Asynchronous 
Transmit or SCI Synchronous Clock. 
RC7/RX/DT can also be selected as the Asynchro- 
nous Receive or SCI Synchronous Data. 















RCO/T10SO/T1CKI 














RC1/T1OSI/CCP2 






RC2/CCP1 









RC3/SCK/SCL 











RC4/SDI/SDA 







RC5/SDO 





RC6/TX/CK 









RC7/RX/DT 


Legend: I= input O = output I/O = input/output P = power 
— = Not used TTL =TTL input ST = Schmitt Trigger input 
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel 
Slave Port mode (for interfacing to a microprocessor bus). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-1: PIC16C74 PINOUT DESCRIPTION (CONT.) 


Name Sosa ah seuntet Description 
No. Type Type | 





















PORTD is a bidirectional I/O port or parallel slave or 
interfacing to a microprocessor bus. 





RDO/PSPO 
RD1/PSP1 
RD2/PSP2 
RD3/PSP3 
RD4/PSP4 
RD5/PSP5 
RD6/PSP6 
RD7/PSP7 












|PORTE is a bidirectional I/O port. ; 


REO/RD/ANS read control for parallel slave port, or 
analog input 5. 


RE1/WR/ANG write control for parallel slave port, or 
analog input 6. 

RE2/CS/AN7 select control for parallel slave port, or 
analog input 7. 


id 7 = ae oe Ground reference for logic and I/O pins. 
Vop 11,32 | 12,35 nn ee Positive supply for logic and I/O pins. 


NC 1,17,28, | 12,13 These pins are not internally connected. These pins 
40 33,34 should be left unconnected. 
Legend: l= input O = output I/O = input/output P = power 
— = Not used TTL =TTL input ST = Schmitt Trigger input 
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel 


Slave Port mode (for interfacing to a microprocessor bus). 
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 







REO/RD/ANS5 














RE1/WR/ANG 

















RE2/CS/AN7 27 
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TABLE 3-2: PIC16C73 PINOUT DESCRIPTION 


SOIC VOIP Buffer | Description 
No. Type Type i 
ST/CMOS$? | Oscillator crystal input/external clock source input. 


Oscillator crystal output. Connects to crystal or resonator in 
crystal oscillator mode. In RC mode, OSC2 pin outputs CLK- 
OUT which has 1/4 the frequency of OSC1, and denotes the 
instruction cycle rate. 
Master clear (reset) input/programming voltage input. This pin 
iS an active low reset to the device. 
PORTA is a bidirectional I/O port. 

RAO/ANO Analog input 0 

RA1/AN1 Analog input 1 





RA2/AN2 
RA3/AN3/VREF 
RA4/TOCK! 


RAS/AN4/SS 


RCO/T1OSO/T1CKI 


RC1/TIOSI/CCP2 


RC2/CCP 1 
RC3/SCK/SCL 
RC4/SDI/SDA 
RCS/SDO 
RC6/TX/CK 


RC7/RX/DT 


Analog input 2 
Analog input 3/VREF 


Can also be selected to be the clock input to the TMRO 
timer/counter. Output is open collector type. 


Analog input 4 can also be the slave select for the syn- 
chronous serial port. 


PORTB is a bidirectional I/O port. PortB can be software pro- 
grammed for internal weak pull-up on all inputs. 


RBO/INT can also be selected as an external interrupt pin. 


Interrupt on change pin. 

Interrupt on change pin. 

Interrupt on change pin. Serial programming clock. 
Interrupt on change pin. Serial programming data. 


PORTC is a bidirectional I/O port. 


RCO/T1OSO/T1CKI can also be selected as a Timer0O 
oscillator output/Timer1 clock input. 

RC1/T1OSI/CCP2 can also be selected as a Timer0 
oscillator input or Capture 2, input/Compare 2 out- 
put/PWM 2 output. 

RC2/CCP1 can also be selected as a capturet 
input/compare1 output/PWM1 output. 

RC3/SCK/SCL can also be selected as the synchronous 
serial clock input/output for both SP! and |2C modes. 
RC4/SDI/SDA can also be selected as the SPI Data In 
(SPI mode) or data I/O (I7C mode). 

RC5/SDO can also be selected as the SP/ Data Out (SPI 
mode). 

RC6/TX/CK can also be selected as Asynchronous 
Transmit or SC] Synchronous Clock. 

RC7/RX/DT can also be selected as the Asynchronous 
Receive or SCI Synchronous Data. 


Ground reference for logic and I/O pins. 


Positive supply for logic and {/O pins. 


Legend: {= input O = output I/O = input/output P = power 
— = Not used TTL =TTL input ST = Schmitt Trigger input 
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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TABLE 3-3: PIC16C71 PINOUT DESCRIPTION 
Pin 


DIP SOIC VO/P Buffer Descri ption 
No. No. Type Type — 


OSC1/CLKIN ST/CMOS? | Oscillator crystal input/external clock source input. 


OSC2/CLKOUT » 45 1 Oscillator crystal output. Connects to crystal or resonator in crystal 
oscillator mode. In RC mode, OSC2 pin outputs CLKOUT which has 
L 


1/4 the frequency of OSC 1, and denotes the instruction cycle rate. 


MCLR. 4 Master clear (reset) input/programming voltage input. This pin is an 
. . {active low reset to the device. 
| | PORTA is a bidirectional /O port. 


Analog input 0 
Analog input 1 
Analog input 2 
RA3/AN3/VREF ) Analog input 3/VREF 


RA4/TOCKI | Can also be selected to be the clock input to the TMRO 
: : timer/counter. Output is open collector type. 
PORTB is a bidirectional |/O port. PortB can be software pro- 
grammed for internal weak pull-up on all inputs. : 
RBO/INT | RBO/INT can also be selected as an external interrupt pin. 
RB1 ; 7 


RB2 

RB3 

RB4 Interrupt on change pin. 

RB5 Interrupt on change pin. 

RB6 ' Interrupt on change pin. Serial programming clock. 
Interrupt on change pin. Serial programming data. 

Ground reference for logic and I/O pins 


Legend: |= input O = output I/O = input/output P = power 
— = Not used TTL =TTL input ST = Schmitt Trigger input 
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 
2: This buffer is a Schmitt Trigger input when used in serial programming mode. 
3: This buffer is‘a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. © 
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3.1 Clocking Scheme/Instruction Cycle 


The clock input (from OSC 1) is internally divided by four 
to generate four non-overlapping quadrature clocks 
namely Q1, Q2, Q3 and Q4. Internally, the program 
counter (PC) is incremented every Q1, the instruction is 
fetched from the program memory and latched into the 
instruction register in Q4. The instruction is decoded 
and executed during the following Q1 through Q4. The 
clocks and instruction execution flow is shown in 
Figure 3-4. 


FIGURE 3-4: CLOCK/INSTRUCTION CYCLE 


3.2 Instruction Flow/Pipelining 


An “Instruction Cycle” consists of four Q cycles (Q1, Q2, 
Q3 and Q4). The instruction fetch and execute are pipe- 
lined such that fetch takes one instruction cycle while 
decode and execute takes another instruction cycle. 
However, due to the pipelining, each instruction effec- 
tively executes in one cycle. If an instruction causes the 
program counter to change (e.g. GOTO) then two 
cycles are required to complete the instruction (see 
Example 3-1). 


A fetch cycle begins with the program counter (PC) 
incrementing in Q1. 


In the execution cycle, the fetched instruction is latched 
into the “Instruction Register (IR)” in cycle Q1. This 
instruction is then decoded and executed during the Q2, 
Q3, and Q4 cycles. Data memory is read during Q2 
(operand read) and written during Q4 (destination 
write). 


Internal 
Phase 


i cmaeaneenens ceicmraerneen Gaeeeases /Taemerersdinn Seceteeetar fr meneame 


(Program Counter) , 


OSC2/CLKOUT fa ee 


(RC Mode) 


EXAMPLE 3-1: 





INSTRUCTION PIPELINE FLOW 


pT Execute INST (PCy Fetch INST (PC+2) 
Execute INST (PC+1) 


55h Fetch 1 
PORTB Fetch 2 Execute 2 


SUB_1 
PORTA, BIT3 


Fetch 4 


Fetch SUB_1 


All instructions are single cycle, except for any program branches. These take two cycles since the fetched 
instruction is "flushed" from the pipeline while the new instruction is being fetched and then executed. 





REAL SO LTE EP TO SLSR TT IE EI TET OT RE EEE ESTATE ES BET. TTS SITS I SE ETS IB TSE LT EE LST ELIE. ELITES TE IEEE TEE ESE I SR ENT SECT TTT EOE SEE TTE ET TTS TOE ISITE SELES II EE EE ATE TTT 
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NOTES: 
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4.0 MEMORY ORGANIZATION 


4.1 Program Memory Organization 


The PIC16C7X family has a 13-bit program counter 
capable of addressing an 8K x 14 program memory 
space. For the PIC16C74 and PIC16C73 only the first 
4K x 14 (0000-OFFFh) are physically implemented, and 
for the PIC16C71 only the first 1K x 14 (OO00-O3FFh) is 
physically implemented. Accessing a location above 
the physically implemented address will cause a wrap- 
around. The reset vector is at 0000h and the interrupt 
vector is at 0004h (see Figure 4-1 and Figure 4-2). 


FIGURE 4-1: PIC16C74/73 PROGRAM 
MEMORY MAP AND STACK 


. PC <12:0> 


CALL, RETURN 
RETFIE, RETLW 


Stack Level 8 


Reset Vector 


Interrupt Vector 
On-chip Program 
Memory (Page 0) 


On-chip Program 
Memory (Page 1) 








FIGURE 4-2: PIC16C71 PROGRAM 
MEMORY MAP AND STACK 


PC <12:0> 


CALL, RETURN 
RETFIE, RETLW 





Stack Level 8 


Reset Vector 


Interrupt Vector 


On-chip Program 
Memory 


4.2 Data Memory Organization 


The data memory (see Figure 4-3 and Figure 4-4) is 
partitioned into two Banks which contain the general 
purpose registers and the special function registers. 
Bank 0 is selected when the RPO bit in the STATUS reg- 
ister is cleared. Bank 1 is selected when the RPO bit in 
the STATUS register is set. Each Bank extends up to 
7Fh (128 bytes). The lower locations of each Bank are 
reserved for the Special Function Registers. Above the 
Special Function Registers are General Purpose Reg- 
isters implemented as static RAM. Some Special Func- 
tion Registers are mapped in Bank 1. 


4.2.1 GENERAL PURPOSE REGISTER FILE 


The register file is accessed either directly, or indirectly 
through the file select register FSR (see Section 4.4). 


The general purpose register locations 8Ch—AFh of 
Bank 1 on the PIC16C71 are not physically imple- 
mented. These locations are mapped into OCh—2Fh of 
Bank 0. 
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FIGURE 4-3: PIC16C74/PIC16C73 - FIGURE 4-4: PIC16C71 REGISTER FILE 
REGISTER FILE MAP MAP 


File 


Address 
-00 


File 
address 


00 INDF' INDF' 

01} TMRO OPTION 

02 
FSR 





: INDF' 
01 OPTION 
02 PCL 
03 STATUS _ 
04 _FSR 
05 _TRISA 
06 TRISB 
07 
08 | ADCONO |. ADCON1 
09 ADRES 
OA ~ PCLATH 
0B INTCON 


0c 


03 
a a 
05| PORTA |  TRISA_ | 
o6| PORTS | TRISB | 
or| poate | Taso 
06 | poRTo® | Triso* 
09 
OA 
ss 
0c 
op] Pine | PE? 
. 

OF 

10 

1{TMR2 fe 

12 
18 

14[  SSPCON 


15 CCPRIL 


17| CCPICON 
i8[ posta | 1xsTa_ 
19 
c|_copran _| 

1e| apres _| ; 
ir[ ADcoNo | ADCONT 


20 | 


General Mapped 
Purpose in page O 
_ Register 


Bank 0 Bank 1 


Unimplemented data memory locations; reads as ‘0’s © 


General | General 
Purpose | _ ~—- Purpose 
Register | - Register 


Note 1: Nota physical register. 


BankO | Bank 1 
Unimplemented data memory locations; read as ‘0's 


Note 1: Not a physical register. 
2: These registers are not physically implemented 
on the PIC16C73 and are read as ‘0’ 
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42.2 SPECIAL FUNCTION REGISTERS: The special registers can be classified into two sets. 

The special registers associated with the “core” func- 
The Special Function Registers are registers used by tions are described in this section. Those related to the 
the CPU and Peripheral functions for controlling the operation of the peripheral features are described in the 
desired operation of the device (see Table 4-2 and section of that peripheral feature. 


Table 4-2). These registers are static RAM. 


TABLE 4-1: | SPECIAL REGISTERS FOR THE PIC16C74 AND PIC16C73 


Value on _ | Value on all 
Address | Name i i Power-On | other resets 
Reset (Note 2) 


INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 | 0000 0000 
01 TMRO TimerO uuuu WUUU 
2t |PCL Program Counter's (PC's) Least Significant Byte 0000 | 0000 0000 
F Indirect data memory address pointer uuuu UUUU 
PORTA PORTA Data Latch when written: PORTA pins when read | 0000 | --uu uuUU | 
PORTB | PORTB Data Latch when written: PORTB pins when read | ooo }00u | uUUU uuu | 
07. |PORTC |PORTC Data Latch when written: PORTC pins when read | ooaC000c | uuu UUUL | 


ORTD PORTD Data Latch when written: PORTD pins when read 
ORTE PORTE Data Latch when written: PORTE pins when read 


-{ Write Buffer for the upper 5 bits of the PC’ ---0 0000 | ---0 0000 


TOON |e] “Pele Toe | _WTE [ABE [Ta [NTF] RB] eewo oor | ooo oom 
st 
7 | [oar 8 | 
TMRiL | Timert Least Significant Byte | oooQ 000 | uuu UU | 
OF [TMRIH — | Timert Most Significant Byte | ooo. 000 | uuu uuu | 


Tie Go00 000" | 000 ooo0 


[SSPBUF [Synchronous Serial Port Receive Bufeianamit Register «| ‘mem | MMU 
[14 [s5PCoN [woot [ssPov [SSPEN | cKP | SSPMa | SsPWe | SSPIIT | SSPWO | 00000000 | 0000 0000, 
[15 _[CCPRIL —|CapturetComparerDuy GyeleRegiter USB) (me | 
Capture/Compare/Duty Cycle Register (MSB) | oooQ een | uu UU | 
p78 |Rosta [seen [cae | SREN | OREN [FERR 6000-00 
SCI Transmit Data Register 0000 0000 | 0000 0000 
tA e000 6000 | 00000068 
iC oo | wa 
ADRES [A/D ResutRogisr «mc | 
iF JaDcono | ADGS1 | ADCSO | CHS? | CHST | GHSO [GO/DONE] — | ABGN | 000000" [0600000 


Legend: x= unknown, u = unchanged, ? = value depends on condition, shaded locations are unimplemented and read as ‘0’ 
t: These registers can be addressed from either bank. 
tt: These registers or bits are not physically implemented on the PIC16C73 and are read as ‘0’. 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con- 
tents are transferred to the upper byte of the program counter. 
2: Other (non power-up) resets include external reset through MCTR or Watchdog Timer reset. 
3: This bit is reserved for the PIC16C73. 


| 


il 


oO 


2) 


U 


olo 

oS & 
—+| —+ sd 
u| vu 
QO 
x 


Oo 
> 
+ 


Hi 
: 


0B 


+ 
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TABLE 4-1: SPECIAL REGISTERS FOR THE PIC16C74 AND PIC16C73 (CONT.) 


vs | Value on | Value on all 
Address | Name Bit 7 Power-On | other resets 
- Reset (Note 2) 


Bank 1 


ee 
Addressing this location uses contents of FSR to address data memory (not a physical register) a ae 
[ai orrion [REPO [reps | Toos [Tose [psa [ pse [psi [ so [win | wii 
[set [PCL [Program Counters PC's) Least SigifeantByie ———~=SSSSSSS~S——~«d; (00,0000 | 00000000 
Passos |e [ne [ne |e [Dee rt fr 
| 84t [FSR Indirect data nee address pointer coo sseo | aa uuu | 
| 86 =6|TRISB PORTB Data Direction Register 


PCLATH § : Write Buffer for the upper 5 bits of the PC’ | ---0.0000 | 0000 ---0 | ---0.0000 | 


rec er [foe aero [ret ore ore [se [rie [oan [ oe 
































































Se 44444994 | 4114 1111 


[2 S805 et on PS oaaee eg Yat 
[ea |sePeTar | oR B [80a] 9 





[se [SPORG[BaudRaieRogstn SS _—_~* 00000 | 000 0000. 
a 
a 
ae 
== = 
[Porce [ pore | porco [000 [000 


Legend: x= unknown, u = unchanged, ? = value depends on condition, shaded locations are unimplemented and read as ‘0’ 
Tt: These registers can be addressed from either bank. 
tT: These registers or bits are not physically implemented on the PIC16C73 and are read as ‘0’ 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con- 
tents are transferred to the upper byte of the program counter. 
2: Other (non power-up) resets include external reset through MCLR or Watchdog Timer reset. 
3: This bit is reserved for the PIC16C73. 
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TABLE 4-2: SPECIAL REGISTERS FOR THE PIC16C71 


Bank 0 


Addressing this location uses contents of FSR to address data memory (not a physical register) 
Poor fIMRo ftir [ 
[caf [POL [Program Gourtere (PCe)Least Sgnifeatyie——~=~SC~*~*~S~S~S~«*iC# ODD | OOCOGDDD | 
A Wh 
aon :| PORTA Data Latch when written: PORTA pins when read | =x 000 | =u uuUU 
| 06 [PORTE | PORTB Data Latch when written: PORTB pins when read | ee@Q000¢ | uuu UU | 


[os Jaocono [aocsi [ adcso [=| cHsi | cH0 [GODONE] ADF [ ADON | cooa%00 | co.G000 
Peace | wus a 


A/D Result Register 

[ont [pccari_| [Wieouterirteuppersbiewimers’ ___—_—_—+| emo | 00000 
(oer _[inroon [ie [pele] Toe | WT | ABIE | Tor | INTF | RBI | co0000% | 0000000 
ag She og ee ee eed 


Bank 1 












Value on | Value on all 
Power-On | other resets 
Reset (Note 2) 

































































INDF 
80t | (indirect Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 
address) 


[ai forrion | Rar [reo [recs | reee [peepee [arene 
[set [POL [Program Gounters (PCs) Least SgrfeantBye———=—=SSSSS~SCSCSSSS~*t*«00 0000 | 000 OOD. 
aes P| wear PE 8 oe | | 
[sat [FSR [Indirect data nomoryadefess peter *d (me | | 
ae fine ron ban tree 


oo oo | 



















et [RORES Wo Feit Page 
asi fnreon | ae} peeftue fire [male [rar | nF Reena oo 


Legend: x = unknown, u = unchanged, ? = value depends on condition, shaded locations are unimplemented and read as ‘0’ 
t: These registers can be addressed from either bank. 
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose con- 
tents are transferred to the upper byte of the program counter. 


2: Other (non power-up) resets include external reset through MCLR or Watchdog Timer reset. 
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4.2.2.1 STATUS REGISTER It is recommended, therefore, that only BCF, BSF, 
SWAPF and MOVWF instructions are used to alter the sta- 
tus registers because these instructions do not affect 
any status bit. For other instructions, not affecting any 
status bits, see the “Instruction Set Summary 


The STATUS register contains the arithmetic status of 
the ALU, the RESET status and the bank select bits for 
data memory. 


The STATUS register can be the destination for any 
instruction, like any other register. If the STATUS regis- 
ter is the destination for an instruction that affects the Z, 
DC or C bits, then the write to these three bits is dis- 
abled. These bits are set or cleared according to the 
logic. Furthermore, the TO and PD bits are not writ- 
able. Therefore, the result of an instruction with the 
STATUS register as destination may be different than 
intended. 


For example, CLRF STATUS will clear the upper-three 
bits and set the Z bit. This leaves the status register as 
O00UU1UU (where U = unchanged). 





FIGURE 4-5: STATUS REGISTER 


RW RW RW RAW FW RW Register: STATUS :  Writable 

[we[or[oro[to ro] 2 [oc[ co} [fem — sirah | nace 
POR value: 0001 1x }U: —Unimplemented, 

bitO | TO, PD are uniquely set or cleared read as '0' 


C: Carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the most significant bit of the result occurred. 
Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 

0 = No carry-out from the most significant bit of the result. 

Note: For borrow the polarity is reversed. 


DC: Digit carry/borrow bit. 

For ADDWF and ADDLW instructions. 

1= Acarry-out from the 4th low order bit of the result occurred. 
Q= No carry-out from the 4th low order bit of the result. 

Note: For Borrow the polarity is reversed. 


Z: Zero bit. 
1= The result of an arithmetic or logic operation is zero. 
O= The result of an arithmetic or logic operation is not zero. 


BD: Power down bit. 


1 = After power-up or by a CLRWDT command. 
0= By execution of the SLEEP instruction. 


TO: Time-out bit. 


1= After power-up and by the CLRWDT and SLEEP instruction. 
0= Awatchdog timer time-out has occurred. 


RP<1:0>: Register bank select bits for direct addressing. 


00 = Bank 0 (00h - 7Fh) 

= Bank 1 (80h - FFh) 
10 = Bank 2 (100h - 17Fh) 
11 = Bank 3 (180h - 1FFh) 


Each bank is 128 bytes. 

Only the RPO bit is used by the PIC16C7X. RP1 should be programmed as '0'. 
Using the RP1 bit as a general purpose read/write bit is not 

recommended, since this may affect upward compatibility with future 

products. 


IRP: Register bank select bits for indirect addressing. 
0 = Bank 0,1 (00h - FFh) 
1 = Bank 2,3 (100h - 1FFh) 


The IRP bit is not used by the PIC16C7X. IRP should be programmed as ‘0’. 
Use of the IRP bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.2.22 OPTION REGISTER 


The OPTION register is a readable and writable regis- 
ter which contains various control bits to configure the 
TMRO/WDT prescaler, the external INT interrupt, 
TMRO, and the weak pull-ups on PORTB. 


FIGURE 4-6: OPTION REGISTER 


RAW RW RW RW RW RW RW 


Register: OPTION : Writable 
a INTEDG| TOCS Address: 81h : Readable 


bit7 bit 0 POR value: FFh : Unimplemented. 


Read as '0' 
7 . PRESCALER VALUE 


S2:PSO ps2 PS1__PSO 








TMRO RATE | WDT RATE 


0 0 0 1: 1 aes | 
0 0 1 is 1:2 
0 1 0 1: 1:4 
0 1 1 1: 1:8 
1 0 0 1 ie 1: 16 
1 0 1 1.3 1: 32 
1 1 0 1 1: 64 
1 1 1 1 1: 128 


PSA: Prescaler assignment bit. 
1 = Prescaler assigned to the WDT 
0 = Prescaler assigned to TMRO 


TOSE: TMRO source edge. 
1 = Increment on high-to-low transition on RA4/TOCK! pin 


0 = Increment on low-to-high transition on RA4/TOCKI pin 
TOCS: TMRO clock source. 

1 = Transition on RA4/TOCKI pin 

0 = Internal instruction cycle clock (CLKOUT) 

INTEDG: Interrupt edge select. 


1 = Interrupt on rising edge of RBO/INT pin 
= Interrupt on falling edge of RBO/INT pin 


RBPU: PortB pull-up enable. 


1 = PortB pull-ups are disabled overriding any port latch value 
0 = PortB pull-ups are enabled by individual port-latch values 
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4223 INTCON REGISTER 


The INTCON Register is a readable and writable regis- 
ter which contains the various enable and flag bits for 
the TimerO overflow, RB port change and external INT 
pin interrupts. Figure 4-7 shows the bits for the 
INTCON register for the PIC16C74 and PIC16C73. 
Figure 4-8 shows the INTCON register for the 
PIC16C71. 





FIGURE 4-7: INTCON REGISTER FOR PIC16C74 AND PIC16C73 ONLY 


R/W RW R/(W RAW RW RW R/W Register: INTCON | W: Writable 


Address: OBh or 8Bh| R: Readable 


bit7 bit read as 'O' 


RBIF: RB port change interrupt flag. 

1 = When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

0 = None of the RB<7:4> inputs have changed. 


INTF: External interrupt flag. 


1 = The external INT interrupt has occurred. 
Must be cleared by software. 
0 = The INT interrupt did not occur 


TOIF: TMRO overflow interrupt flag. 


1 = The TMRO has overflowed. 
Must be cleared by software. 


0 = TMRO did not overflow. 


RBIE: RB port change interrupt enable bit. 
1 = Enables RBIF interrupt 
0 = Disables RBIF interrupt 
INTE: INT interrupt enable bit. 
1 = Enables INTF interrupt 
0 = Disables INTF interrupt 
TOIE: TOIF interrupt enable bit. 
1 = Enables TOIF interrupt 
0 = Disables TOIF interrupt 
_PEIE: Peripheral interrupt enable bit. 


1 = Enables all un-masked peripheral interrupts 
0 = Disables all peripheral interrupts 

GIE: Global interrupt enable. 

1 = Enables all un-masked interrupts 

0 = Disables all interrupts 
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FIGURE 4-8: INTCON REGISTER FOR PIC16C71 ONLY 


BW FW RM Re MN Register: INTCON :  Writable 
ADIE | TOIE ie Ieee TOIF inte | REIF Address: OBhor8Bh : Readable 


POR value:0000 000xb : Unimplemented 
read as '0' 





bit7 bit 





RBIF: RB port change interrupt flag. 

1 = When at least one of the RB<7:4> inputs change. 
Must be cleared by software. 

0 = None of the RB<7:4> inputs have changed. 


INTF: External interrupt flag. 


i = The exiernail iNT interrupt has occurred. 
Must be cleared by software. 
0 = The INT interrupt did not occur 
TOIF: TMRO overflow interrupt flag. 
_ 1= The TMRO has overflowed. 
Must be cleared by software. 
0 = TMRO did not overflow. 
RBIE: RB port change interrupt enable bit. 
1 = Enables RBIF interrupt 
0 = Disables RBIF interrupt 
INTE: INT interrupt enable bit. 
1 = Enables INTF interrupt 
0 = Disables INTF interrupt 
TOIE: TOIF interrupt enable bit. 
1 = Enables TOIF interrupt 
0 = Disables TOIF interrupt 
ADIE: A/D conversion interrupt enable bit. 
1 = Enable A/D interrupt 
0 = Disable A/D interrupt 
GIE: Global interrupt enable. 


1 = Enables all un-masked interrupts 
0 = Disables all interrupts 
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4.22.4  PIE1 REGISTER 


This register, implemented on the PIC16C74 and 
PIC16C73 only, contains the individual enable bits for 
the Peripheral interrupts (see Figure 4-9). 





FIGURE 4-9: PIE1 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 


RW RAW RW RW 


ag ADIE | RCIE sa pap CCPIIE | TMR2IE | TMATIE Register: :  Writable 
Address: : Readable 


bit7 POR value: 00h} U: Unimplemented, 
read as '0' 


TMRIIE: Timer interrupt enable bit. 


1 = Enables TMAIIF interrupt. 
0 = Disables TMR1IF interrupt. 


TMR2IE: Timerd interrupt enable bit. 


1 = Enables TMR@IF interrupt. 
0 = Disables TMR@IF interrupt. 


CCPI1IE: CCP1 interrupt enable bit. 
1 = Enables CCP1IF interrupt. 
0 = Disables CCP 1IF interrupt. 


SSPIE: Synchronous serial port interrupt enable bit. 
1 = Enables SSPIF interrupt. 
0 = Disables SSPIF interrupt. 


TXIE: Serial communication interface transmit 
interrupt enable bit. 


1 = Enables TXIF interrupt. 
0 = Disables TXIF interrupt. 


RCIE: Serial communication interface receive 
interrupt enable bit. 


1 = Enables RCIF interrupt. 
0 = Disables RCIF interrupt. 


ADIE: A/D converter interrupt enable bit. 


1 = Enables ADIF interrupt. 
0 = Disables ADIF interrupt. 


TPSPIE: Parallel slave port interrupt enable bit. 


1 = Enables PSPIF interrupt. 
0 = Disables PSPIF interrupt. 


t This bit is reserved on the PIC16C73 
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42.25  PIR1 REGISTER 


This register, implemented on the PIC16C74 and 
PIC16C73 only, contains the individual flag bits for the 
Peripheral interrupts (see Figure 4-10). 





FIGURE 4-10: PIR1 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 





RW RW R 
Register: PIR1 : Writable 
PSPIF | ADIF| RCIF| TXIF| SSPIF | CCP1IF| TMR2IF | TMRI1IF Radiesse 0Ch - Besdabie 
bit7 bit POR value: OOh : Unimplemented, 


read as ‘0’ 





TMRIIF: Timer1 interrupt flag. 


1 =Timer1 overflowed. 
Must be cleared in software. 
0 = No Timer overflow. 


TMR2IF: Timer2 interrupt flag. 


1 = Timer2 matches period register PR2. 
Must be cleared in software. 
0 = No Timer2 period match. 


CCP1IF: Capture1/Compare1/PWM1 interrupt. 


Capture Mode 
1 =A Timer1 capture has occurred. 
Must be cleared by software. 
0 =No Timer! capture occurred. 


Compare Mode 
1 =A Timer1 compare match has occurred. 
Must be cleared by software. 
0 =No Timer1 compare match occurred. 
PWM Mode 
Unused 


SSPIF: Synchronous serial port. 


1 = A transmission/reception is completed. 
Must be cleared in software. 
0 = Waiting to transmit/receive. 


TXIF: Serial communication interface transmit 
interrupt flag. 
1 = Transmit buffer is empty. 


0 = Transmit buffer is full. 

RCIF: Serial communication interface receive 
interrupt flag. 

1 = Receive buffer is full. 

O = Receive buffer is empty. 

ADIF: A/D conversion complete interrupt flag. 

1.= An A/D conversion has completed. 


0 = An A/D conversion has not completed. 
t PSPIF: Parallel slave port read/write interrupt flag. 


1 = A read or a write operation has taken place. 
Must be cleared in software. 
0 =No read or write has occurred. 


t This bit is reserved on the PIC16C73 
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42.26  PIE2 REGISTER 
This register, implemented on the PIC16C74 and 


PIC16C73 only, contains the individual enable bit for 
the Peripheral Interrupts (see Figure 4-11). 


FIGURE 4-11: PIE2 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 


U U U UU U U R/W 
Register: PIE2 |W: Writable 
CCP2IE Address: 8Dh : Readable 
| bitO 


bit7 









POR value: OOh : Unimplemented, 
read as ‘0’ 





CCP2IE: CCP2 interrupt enable bit 
1 = Enables CCP2IF interrupt 
0 = Disables CCP2IF interrupt 


Unimplemented, read as '0'. 
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4.2.2.7 PIR2 REGISTER 


This register, implemented on the PIC16C74 and 
PIC16C73 only, contains the individual flag bit for the 
Peripheral interrupts (see Figure 4-12). 





U U U U U U U R/W 
Register: PIR2 : Writable 
CCP2liF Address: ODh : Readable 


bit7 bitO POR value: OOh : Unimplemented, 
read as ‘0’ 
CCP2IF: Capture2/Compare2/PWM2 interrupt 


Capture Mode 


1 = A Timer1 capture has occurred. 
Must be cleared by software. 
0 = No Timer1 capture occurred. 


Compare Mode 


1 = A Timer1 compare match has occurred. 
Must be cleared by software. 
0 = No Timer1 compare match occurred. 


PWM Mode 
Unused 


Unimplemented, read as ‘0’. 
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4.2.2.8 |PCON REGISTER 


The Power Control (PCON) register, implemented on 
the PIC16C74 and PIC16C73 only, contains a flag bit to 
allow differentiation between a Power-on Reset to an 
external MCLR reset or WDT reset (see Figure 4-13). 


FIGURE 4-13: PCON REGISTER FOR PIC16C74 AND PIC16C73 ONLY 





Register: PCON 
Address: 8Eh 
POR value: OOh 


Reserved 


: Writable 


Readable 
Unimplemented, 
read as ‘0’ 


This bit should be programmed as '1'. Use of this 
bit as a general purpose read/write bit is not 
recommended, since this may affect upward 
compatibility with future products. 


POR: Power on reset flag. 


1 = No power on reset has occurred. 

0 = A power-on-reset has occurred. 
Software must set this bit after a 
power-on-reset condition has occured. 


Unimplemented, read as 'O'. 
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4.3 PCL and PCLATH 


The program counter (PC) is 13-bits wide. The low byte, 
PCL, is a readable and writable register. The high byte 
of the PC (PCH) is not directly readable or writable. 
PCLATH is a holding register for PC<15:8> where con- 
tents are transferred to the upper byte of the program 
counter. When the PC is loaded with a new value during 
aCALL, GOTOora write to PCL, the high bits of PC 
are loaded from PCLATH as shown in Figure 4-14. 


FIGURE 4-14: LOADING OF PC IN 
DIFFERENT SITUATIONS 


INST with PCL, 
_as dest 


ALU result 





4.3.1 COMPUTED GOTO 


When doing a table read using a computed GOTO 
method, care should be exercised if the table location 
crosses a PCL memory boundary (each 256 byte 
block). Refer to the application note “Table Using the 
PIC16CXX* (AN556). 


43.2 STACK 


The PIC16CXX has an 8 deep x 13-bit wide hardware 
stack (See Figure 4-1 and Figure 4-2). The stack space 
is not part of either program or data space and the stack 
pointer is not readable or writable. The PC is PUSHed 
in the stack when a CALL instruction is executed or an 
interrupt is acknowledged. The stack is POPped in the 
event of a RETURN, RETLW or a RETFIE instruction 
execution. PCLATH is not affected by a “PUSH” or a 
“POP” operation. 


The stack operates as a circular buffer. This means that 
after the stack has been “PUSHed?” eight times, the 
ninth push overwrites the value that was stored from the 
first push. The tenth push overwrites the second push 
(and so on). 








43.3. PROGRAM MEMORY PAGING 


The PIC16C74 and PIC16C73 have 4K of program 
memory, but the CALL and GoTo instructions only have 
a 11-bit address range. This 11-bit address range 
allows a branch within a 2K program memory page 
size. To allow CALL and GOTO instructions to address 
the entire 4K program memory address range, there 
must be another bit to specify the program memory 
page. This paging bit comes from the PCLATH<3> bit 
(see Figure 4-14). When doing a CALL or GOTO instruc- 
tion, the user must ensure that this page bit 
(PCLATH<3>) is programmed to the desired program 
memory page. If a CALL instruction (or interrupt) is exe- 
cuted, the entire 13-bit PC is pushed onto the stack. 
Therefore, manipulation of the PCLATH<3> is not 
required for the return instructions (which pops the PC 
from the stack). 





Example 4-1 shows the calling of a subroutine in 
page 1 of the program memory. This example assumes 
that the PCLATH is saved and restored by the interrupt 
service routine (if interrupts are used). 
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EXAMPLE 4-1: CALL OFASUBROUTINEIN | Writing to the INDF register indirectly results in a 


-PAGE 1 FROM PAGE 0 no-operation (although status bits may be affected). An 
ORG 0X500 ! effective 9-bit address is obtained by concatenating the 
BSF PCLATH, 3 ; Select page 1 (800h-FFFh) 8-bit FSR register and the IRP bit (STATUS<7>), as 
CALL SuBI1_P1 =; Call subroutine in shown in Figure 4-15. However, IRP is not used in the 
: j; page 1 (800h-FFFh) PIC16C7X. 
: A simple program to clear RAM location 20h-2Fh using 
ORG: 0x900 indirect addressing is shown in Example 4-2. | 
SUB1 P1: ; called subroutine . 
; ; page 1 (800h-FFFh) EXAMPLE 4-2: INDIRECT ADDRESSING 
RETURN : return to page 0 movlw 0x20 ;initialize pointer 
; (000h-7FFh) movft FSR ;to RAM 
: ; NEXT clrf INDF ;clear INDF register 
4.4 Indirect Addressing, INDF and FSR i ne wind Boer 
Registers btfss FSR,4 ;all done? 
The INDF register is not a physical register. Addressing Bebo. UNEEE ane ekeak Skt 
the INDF register will cause indirect addressing. ;yes continue 
CONTINUE: 


Indirect addressing is possible by using the INDF regis- 
ter. Any instruction using the INDF register actually 
accesses data pointed to by the file select register 
(FSR). Reading INDF itself indirectly will produce OOh. 


FIGURE 4-15: DIRECT/INDIRECT ADDRESSING 





Direct Addressing Indirect Addressing 
RP1 RPO 6 from opcode FSR 00 


Stee eee 


bank select location select location select 





BankO Bank1 Bank2 Bank3 


Note: For memory map detail see Figure 4-3, and Figure 4-4 


RS EEE ISI TET TS ST TS Sa TS ET TT TS A EOE FT EE STIS SE PEE DE SIE SE EE ETE S EE EE LAE EET TITEL ELE TTT ILLS IEEE 
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5.0 I/OPORTS 


The PIC16C74 has five ports, PORTA through PORTE, 
PIC16C73 has three ports, PORTA through PORTC, 
and PIC16C71 has two ports, PORTA and PORTB. 
These ports pins may be multiplexed with an alternate 
function for the peripheral features on the device. 


5.1 PORTA and TRISA Registers 


PORTA is a 6-bit wide latch for the PIC16C74 and 
PIC16C73 and Is a 5-bit wide latch for the P!C16C71. 
RA4 is a Schmitt trigger input and an open collector out- 
put. All other RA port pins have TTL input levels and full 
CMOS output drivers. All pins have data direction bits 
(TRIS registers) which can configure these pins as out- 
put or input. 


A '1' in the TRISA register puts the corresponding out- 
put driver in a high impedance mode. A ‘0’ in the TRISA 
register puts the contents of the output latch on the 
selected pin(s). 

Reading PORTA register reads the status of the pins 
whereas writing to it will write to the port latch. All write 
operations are read-modify-write operations. So a write 
to a port implies that the port pins are first read, then 
this value is modified and written to the port data latch. 


Port RA4 is multiplexed with TMRO clock input. 


FIGURE 5-1: BLOCK DIAGRAM OF 
RA<3:0> (AND RA<5> ON THE 
PIC16C74/PIC16C73) PINS 


Data 
bus 


D Q 
PORT cky. a 


HE, 

Data Latch 
Tt 

ae 

: CKN. Q 


Analog 
input 
mode 


TTL 
input 
buffer 


“RD PORT” i 


To A/D Converter 
Note: I/O pins have protection diodes to VDD and Vss 





Other PORTA pins are multiplexed with analog inputs 
and analog VREF input. The operation of these pins is 
selected by control bits in ADCON1 (A/D control 
register1). When selected as an analog input, these 
pins will read as ‘O's. 





TRISA controls the direction of the RA pins, even when 
they are being used as analog inputs. The user must 
make sure to keep the pins configured as inputs when 
using them as analog inputs. 


EXAMPLE 5-1: INITIALIZING PORTA 


CLRF PORTA ; Initialize PORTA by setting 
; output data latches 

BSF STATUS, RPO ;Select Bank1l 

MOVLW OxCF ;Value used to initialize 

;data direction 

MOVWF TRISA ;Set RA<3:0> as inputs 

;RA<5:4> as outputs 

; TRISA<7:6> are always 


;read as '0'. 


FIGURE 5-2: BLOCK DIAGRAM OF RA4 PIN 


Data 


bus 
Q 


“WR 
PORT” 


“WIR 
TRIS” 


CK. Q 
Data Latch 


Schmitt 
trigger 


D Q 
CKN_ Q input 
buffer 
= 


“RD 
TRIS A” 


Tel 
Se 


TMRO clock input 


“RD PORT” 


Note: I/O pin has protection diodes to Vss only. 





al 
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TABLE 5-1: © PORTA FUNCTIONS 


| Name | Bito_| ButferType _| 


RAO/ANO | | Input/output or analog input 


Le ee 5 ae 
RA1/AN1 | bit | Th | Input/output or analog input | 
panna rat [rp tgp 
RA3/AN3/VREF | bits | TT | Input/output or analog input/VREF 

) | Output is open collector type. 
RAS/AN4/SS | Input/output, slave select input for synchronous serial port, or analog 
input. 


Legend: TTL=TTL input, ST = Schmitt trigger input 



































TABLE 5-2: SUMMARY OF PORTA REGISTERS | 


Name 


PORTA PORTA pins when read 
PORTA data latch when written 


TRISA PORTA data direction register 85h --11 11111 : 
—|0 = output, 1 = input 
ADCON1 | PORTA Analog or Digital configuration | 9Fh (74/73) 
88h (71) 


Legend: x =unknown, - = unimplemented, read as a '0’. For reset values of registers in other reset situations refer to Table 14-7. 
Note 1: The PIC16C71 does not have PORTA or TRISA bit 5, read as ‘0’. 
















Value 
1 


—~~-XX XXXK 
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5.2 PORTB and TRISB Register 


PORTB is an 8-bit wide bidirectional port (file register 
address 06h). The corresponding data direction regis- 
ter is TRISB (address 86h). A '1' in the TRISB register 
puts the corresponding output driver in a high imped- 
ance mode. A ‘0’ in the TRISB register puts the contents 
of the output latch on the selected pin(s). 


EXAMPLE 5-2: INITIALIZING PORTB 
CLRF PORTB ; Initialize PORTB data 
latches before setting 
: the data direction 


‘ register 
BSF STATUS, RPO ; Select Bankl 
MOVLW OxCF ; Value used to initialize 


; data direction 
MOVWF TRISB ; Set RB<3:0> as inputs 
RB<5:4> as outputs 


: RBZZ<7:6> as inputs 


Each of the PORTB pins has a weak internal pull-up. A 
single control bit can turn on all the pull-ups. This is 
done by clearing the RBPU (OPTION<7>) bit. The 
weak pull-up is automatically turned off when the port 
pin is configured as an output. The pull-ups are dis- 
abled on power-on reset. 


Four of PORTB’s pins, RB<7:4>, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7—RB4 pin con- 
figured as an output is excluded from the interrupt on 
change comparison). The input pins (of RB7—RB4) are 
compared with the old value latched on the last read of 
PORTB. The “mismatch” outputs of RB7—RB4 are 
OR’ed together to generate the RBIF interrupt (flag 
latched in INTCON<0>). 


This interrupt can wake the device up from SLEEP. The 
user, in the interrupt service routine, can clear the inter- 
rupt in one of two ways: 


a) Disable the interrupt by clearing RBIE 
(INTCON<3>) bit. 


b) Read PORTB. This will end mismatch condition. 
Then, clear the RBIF bit. 


A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow 
easy interface to a key pad and make it possible for 
wake-up on key-depression. (See AN552 in the 
Embedded Control Handbook). 





The interrupt on change feature is recommended for 
wake-up on key depression operation and operations 
where PORTB is only used for the interrupt on change 
feature. Polling of PORTB is not recommended while 
using the interrupt on change feature. 


FIGURE 5-3: BLOCK DIAGRAM OF 
RB<7:4> PINS 


PORT/PERIPHERAL Select 


Peripheral data-out 


Data bus 


“WAL 
Pot mck. a 


Data Latch 


Schmitt 


PERIPHERAL Trigger 


OE 


Peripheral input 


Notes: 1. Port/Peripheral select signal selects between 
port data and peripheral output. 


2. Peripheral OE (output enable) is only activated 
if peripheral select is active. 
3. 1/O pins have diode protection to VoD and Vss. 





FIGURE 5-4: BLOCK DIAGRAM OF 
RB<3:0> PINS 


Data Latch 
Data bus 


“RD Port’ 


“RD Port" 


Notes: 1. TRISB = 1 enables weak pull-up if RBPU = 0 in 
OPTION register. 
. For RBO/INT pin, the INT input comes through a 
Schmitt trigger input buffer. 
. I/O pins have diode protection to Vop and Vss. 
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TABLE 5-3: PORTB FUNCTIONS 


Input/output pin or external interrupt input. Internal software 
| programmable weak pull-up. | 
RB2 bit2 


bit3 Input/output pin. Internal software programmable weak pull-up. 


| RB4 bit4 TTL Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. 


bitS TTL Input/output pin (with interrupt on change). Internal software programmable 
weak pull-up. 
| weak pull-up. Serial programming clock. 
weak pull-up. Serial programming data. 


Legend: TTL=TTL input, ST = Schmitt Trigger | 
t This buffer is a Schmitt trigger input when configured as the external interrupt. 
+ This buffer is a Schmitt Trigger input when used in serial programming mode. 


























TABLE 5-4: © SUMMARY OF PORTB REGISTERS 


RegisterName | Function =| Address | Power-on Reset Value 
PORTB PORTB pins when read 06h XXXX XXXX | 
| PORTB data latch when written ; ae : 
TRISB PORTB data direction register 86h a a Oe is Ue ea 
0 = output, 1 = input : : 


OPTION Weak pull-up on/off control (RBPU bit) 


Legend: x= unknown, - = unimplemented, read as a ‘0’. For reset values of registers in other reset situations refer to Table 14-7. 
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5.3 PORTC and TRISC Registers FIGURE 5-5: PORTC BLOCK DIAGRAM 
PORTC is an 8-bit bidirectional port available in the 
PIC16C74 and PIC16C73 only. Each pin is individually SORT ETIPRE AL Select 
configurable as input and output through the TRISC Peripheral data-out 
register. PORTC is multiplexed with several peripheral —— Dp 6a Hl oe 
functions (see Table 5-5). PORTC pins have Schmitt rage _ = P 
trigger input buffers. } 
Data Latch tA 

EXAMPLE 5-3: INITIALIZING PORTC Sole 
CLRF PORTC ; Initialize PORTC data TAISbcKk2 G (IN 

: latches before setting TRIS Latch | 

: the data direction << = 

: register : Kis 
BSF STATUS, RPO ; Select Bankl —— sealisad oe 
MOVLW OxCF ; Value used to initialize < Q D 

; data direction aH 


MOVWF TRISC ; Set RC<3:0> as inputs 


Peripheral input 
: RC<5:4> as outputs 


: RC<7:6> as inputs 


Notes: 1. Port/Peripheral select signal selects between 
port data and peripheral output. 


2. Peripheral OE (output enable) is only activated 
if peripheral select ts active. 
3. I/O pins have diode protection to VoD and Vss. 





TABLE 5-5: PORTC FUNCTIONS 


RCO/T10SO/T1CKI input/output port pin or Timer1 oscillator output/Timer1 clock input 


RC1/T10SI/CCP2 bit1 ST Input/output port pin, Timer1 oscillator input, Capture 2 input/Compare 
2 outpul/PWM 2 output 
RC2/CCP1 bit2 ST input/output port pin or Capture1 input/Compare1 output/PWM1 
output 
| 






















RC3/SCK/SCL bit3 RC3/SCK/SCL can also be selected as the synchronous Serial clock for 
both SPI and I?C modes. 


RC4/SDI/SDA can also be selected as the SPI Data In (SPI mode) or 
data I/O (IPC mode). 


RC5/SDO Input/output port pin or Synchronous serial port data output 


RC6/TX/CK ST Input/output port pin, SCI Asynchronous Transmit, or SCI 
Synchronous Clock 

RC7/RX/DT Input/output port pin SCI Asynchronous Receive, or SCI Synchronous 
Data 


Legend: ST = Schmitt Trigger Input 


RC4/SDI/SDA bit4 








TABLE 5-6: | SUMMARY OF PORTC REGISTERS 


PORTC PORTC pins when read 07h XXXX XXXX 
PORTC data latch when written 

TRISC PORTC data direction register 87h 001 “Lage 
O = output, 1 = input 


Legend: x = unknown, - = unimplemented, read as a '0'. For reset values of registers in other reset situations refer to Table 14-7. 
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5.4 PORTD and TRISD Registers | FIGURE 5-6: PORTD BLOCK DIAGRAM 
boo ak ont ae | (IN /O PORT MODE) 

PORTD is an 8-bit port with Schmitt trigger input buffers , 

available in the PIC16C74 only. Each pin is individually Data Data Latch 

configurable as input or output. bus 


PORTD can be configured as an 8-bit wide micropro- 
cessor port (or parallel slave port) by setting control bit 
PSPMODE (TRISE<4>). In this mode, the input buffers 
are TTL. 


Schmitt 
Trigger 


“RD PORT" | eS 


Note: I/O pins have protection diodes to Vop and Vss. 





TABLE 5-7: PORTD FUNCTIONS 


|_Name | Bit | Butter Type 


RDO/PSPO { bitO0 | ~~ ST/TTL _[Input/output port pin or parallel slave port bit 0 
RD2/PSP2 | bit2 | ST/TTL | Input/output port pin or parallel slave port bit 2 
RD3/PSP3 input/output port pin or parallel slave port bit 3 
RD4/PSP4 | obité | STATL input/output port pin or parallel slave port bit 4 
RD6/PSP6 | pte |  STATTL | input/output port pin or parallel slave port bit 6 
RD7/PSP7_| bit? | _ST/TTL___| input/output port pin or parallel slave portbit7 


Legend: ST = Schmitt Trigger Input when configured for general purpose I/O, TTL = TTL input when configured for Parallel Slave 
Port (PSP). 








































TABLE 5-8: SUMMARY OF PORTD REGISTERS 


RegisterName | __—__—Function _——_—_—|__ Address | _ Power-on Reset Value 
PORTD . PORTD pins when read O8h 
PORTD data latch when written 
TRISD PORTD data direction register 88h $140 TA71 
| O = output, 1 = input 


Legend: x = unknown, -= unimplemented, read as a ‘0’. For reset values of registers in other reset situations refer to Table 14-7. 
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5.5 PORTE and TRISE Register FIGURE 5-7: PORTE BLOCK DIAGRAM (IN 
VO PORT MODE) 


PORTE is available on the PIC16C74 and has three 
pins REO, RE1 and RE2, which are individually config- pais Data Latch 
urable as inputs or outputs. These have Schmitt trigger bus 

input buffers. 


/O PORTE becomes control inputs for the micropro- 
cessor port when the PSPMODE bit (TRISE<4>) is set. 
In this mode, the user must make sure that the 
TRISE<2:0> bits are set (pins are configured as digital 
inputs) and that ADCON1 is configured for digital I/O. 
In this mode the input buffers are TTL. 


Figure 5-8 shows the TRISE register, which also con- 
trols the parallel slave port operation. 


PORTE pins are multiplexed with analog inputs. The 
operation of these pins is selected by control bits in 
ADCON1 (A/D register 1). When selected as an analog 
input, these pins will read as ‘O's. 


TRISE controls the direction of the RE pins, even when “QD PORT” 
they are being used as analog inputs. The user must 
make sure to keep the pins configured as inputs when 
using them as analog inputs. 








FIGURE 5-8: TRISE REGISTER 


R RR RW RW U RW RW RAW : 
| Register: TRISE W: Writable 
IBF | OBF | IBOV | PSPMODE TRISE2 | TRISE1 | TRISEO Address: 89h R: Readable 
| bitO 


bit7 POR value: O7h U: Unimplemented, read as ‘0’ 
i 





TRISEO: Direction control bit for port pin REO 


1 = Input 

0 = Output 

TRISE1: Direction control bit for port pin RE1 
1 = Input 

0 = Output 

TRISE2: Direction control bit for port pin RE2 
1 = Input 

O = Output 

Unimplemented. 

Read as '0' 


PSPMODE: Selects parallel slave port mode for ports 
RD and RE. 


1 = Parallel slave port mode. 
0 = General purpose I/O. 


IBOV: Input buffer overflow in microprocessor mode. 
1 = A write occurred when a previous input word has 
not been read. 
Must be cleared in software. 
0 = No overflow has occurred. 


OBF: Output buffer full. 

1 = The output buffer still holds a previously written word. 
0 = Output buffer has been read. 

IBF: input buffer full. 


1 = A word has been received and waiting to be read 
by the CPU. 
0 = No word has been received. 
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TABLE 5-9: PORTE FUNCTIONS ~ - 


Name | Bit | Buttertype | Function = 


REO/RD/AN5 r bitD Input/output port pin, need control input in parallel slaveport mode: or 
1= Nota read operation 7 
RE1/WR/AN6 bitt ST/TTL Input/output port pin, Write control input in parallel slaveport mode, or 
a 1 = Not a write operation 
Input/output port pin, Chip select control input in parallel slave 


ST/TTL 
. | analog input 
a RD 
| 0= Read operation. The system reads the PIC16C74 PORTD 
register (if chip selected). 
analog input 
WR 
0 = Write operation. The system writes to the PIC16C74 
PORTD register (if chip selected) 
RE2/CS/AN7 ST/TTL 
Legend: ST = Schmitt Trigger Input when configured for general purpose I/O, TTL = TTL input for Parallel Slave Port (PSP). 



















































port mode, or analog input 
cs 

1 = Device is not selected 

0 = Device is selected 







TABLE 5-10: SUMMARY OF PORTE REGISTERS | 


RegisterName | Function =| _—Address__—|_ Power-on Reset Value 
PORTE PORTE pins when read 0 -~--- -XXxXX 
PORTE data latch when written 
TRISE PORTE data direction control bits and 89 0000 -111 
PORTD mode control’ | 


9h 
h 
ADCON1 | PORTE Analog or Digital configuration 


Legend: x=unknown, -= unimplemented, read as a '0'. For reset values of registers in other reset situations refer to Table 14-7. 
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5.6 Programmin nsideration 
5.6.1 BIDIRECTIONAL /O PORTS 


Any instruction which writes, operates internally as a 
read followed by a write operation. The BCF and BSF 
instructions, for example, read the register into the 
CPU, execute the bit operation and write the result back 
to the register. Caution must be used when these 
instructions are applied to a port with both inputs and 
outputs defined. For example, a BSF operation on bit 5 
of PORTB will cause all eight bits of PORTB to be read 
into the CPU. Then the BSF operation takes place on bit 
5 and PORTB is written to the output latches. If another 
bit of PORTB is used as a bidirectional |/O pin (e.g., bit 
0) and it is defined as an input at this time, the input sig- 
nal present on the pin itself would be read into the CPU 
and rewritten to the data latch of this particular pin, 
overwriting the previous content. As long as the pin 
stays in the input mode, no problem occurs. However, if 
bit 0 is switched into output mode later on, the content 
of the data latch may now be unknown. 


Reading the PORT register, reads the values of the 
PORT pins. Writing to the PORT register writes the 
value to the PORT latch. When using read modify write 
instructions (ex. BCF, BSF, etc.) on a PORT, the value 
of the PORT pins is read, the desired operation is done 
to this value, and this value is then written to the PORT 
latch. 


Example 5-4 shows the effect of two sequential read 
modify write instructions (ex.BCF, BSF, etc.) on an I/O 
PORT. 


FIGURE 5-9: SUCCESSIVE I/O OPERATION 


EXAMPLE 5-4: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
VO PORT 
; Initial PORT settings: PORTB<7:4> Inputs 
PORTB<3:0> Outputs 
. PORTB<7: 6> have external pull-up and are not 
; connected to other circuitry 
: PORT latch PORT pins 


BCF PORTB, 7 ;Olpp pppp 1l1ilpppppp 


BCF PORTB, 6 ;10pp pppp lipppppp 
BSF STATUS,RPO : 

BCF TRISB, 7 ;10pp pppp ilipppppp 
BCF TRISB, 6 ;10pp pppp 10pppppp 
;Note that the user may have expected the pin 
; values to be OOpp pppp. The 2nd BCF caused 

;RB7 to be latched as the pin value (High). 


A pin actively outputting a Low or High should not be 
driven from external devices at the same time in order 
to change the level on this pin (“wired-or’, “wired-and”). 
The resulting high output currents may damage the 
chip. 


5.6.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 5-9). Therefore, care must be exercised if a write 
followed by a read operation is carried out on the same 
/O port. The sequence of instructions should be such 
to allow the pin voltage to stabilize (load dependent) 
before the next instruction which causes that file to be 
read into the CPU is executed. Otherwise, the previous 
state of that pin may be read into the CPU rather than 
the new state. When in doubt, it is better to separate 
these instructions with a NOP or another instruction not 
accessing this I/O port. 


PC +1 PC +3 


PC 
/ I 

Instruction , WOVWE PORTB 1 MOVFPORTB,W: | 

fetched 1 Write to | ReadPORTB |! ' 

| i} 


RB <7:0> 


This example shows write to PORTB followed 
by a read from PORTB. 


I Note that: 

y data setup time = (0.25 Tcy - TPD) 

' where Tcy = instruction cycle and TPD = prop- 
agation delay of Q1 cycle to output valid. 


Therefore, at higher clock frequencies, a write 





: followed by a read may be problematic. 
Port pin 


' sampled here 
+ 


TPD —p> ' 
| 
Execute i Execute 


MOVWF MOVF 
PORTB PORTB, W 


Execute 
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5.7 Parallel Slave Port 


PORTD operates as an 8-bit wide parallel slave port, or 
microprocessor port when control bit PSPMODE 
(TRISE<4>) is set. In slave mode it is asynchronously 
readable and writable by the external world through RD 
control input (REO/RD) and WR control input 
(RE1/WR). 


It can directly interface to an 8-bit microprocessor data 
bus. The microprocessor can read or write the PORTD 
latch as an 8-bit latch. Setting PSPMODE enables the 
port pin REO to be the RD input, RE1 to be the WR input 
and RE2 to be the CS (chip select) input. For this func- 
tionality, the corresponding data direction bits of the 
TRISE register (TRISE<2:0>) must be configured as 
inputs (set) and the A/D port configuration bits of the 
ADCON1 register (PCFG<2:0>) must be set such that 
RE<2:0> becomes digital I/O. 


There are actually two 8-bit latches, one for data-out 
(from the PIC16/17) and one for data input. The user 
writes 8-bit data to PORTD data latch and reads data 
from the port pin latch (note that they have the same 
address). In this mode the TRISD register is ignored, 
since the microprocessor is controlling the direction of 
data flow. 


Status flag IBF, Input Buffer Full (TRISE<7>), is set if a 
received word is waiting to be read by the CPU. Once 
the PORTD input latch is read by the PIC16C74, IBF is 
cleared. IBF is a read only status bit. Status flag OBF, 
Output Buffer Full (TRISE<6>), is set if a word written 
to PORTD latch is waiting to be read by the external 
bus. Once the PORTD output latch is read by the 
microprocessor, OBF is cleared. Status flag IBOV, 
Input Buffer Overflow (TRISE<5>), is set if a second 
word is written to the microprocessor port when the pre- 
vious word has not been read by the CPU. It is a 
read/write bit and must be cleared by the CPU. 





When not in PSPMODE, IBF and OBF bits are held 
clear. However, if the IBOV flag was previously set, it 
must be cleared in the software. 


An interrupt is generated and latched into control bit 
PSPIF (PIR1<7>) when a read or a write operation is 
completed. The PSPIF interrupt flag must be cleared 
by the CPU and the interrupt can be disabled by clear- 
ing the interrupt enable bit PSPIE (PIE1<7>). 


FIGURE 5-10: PORTD AND PORTE ASA 
PARALLEL SLAVE PORT 


FO ee eee ee mee ee wn eee eee eee we wm ee eee 


"RD Port" 


One bit of PortD 
Set interrupt flag 


Note: I/O pins have protection diodes to VDD and Vss 


TABLE 5-11: SUMMARY OF PARALLEL SLAVE PORT REGISTERS 








Legend: x = unknown, - = unimplemented, read as a '0'. 


RegisterName | Function =| Address | Power-on Reset Value 
PORTD Parallel slave port 
Read/Write Data | 
PORTE Parallel slave port Read/Write/Chip Select 09h cmt ~KXX 
signals 


TRISE : Control bits for PORTE peripheral 
PIR1 interrupt register (PSPIF bit) 
PIE( __| Interrupt Enable register (PSPIE bit) 














0000 -111 


Note: For reset values of registers in other reset situations refer to Table 14-7. 
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TABLE 5-12: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT 


con ee ee ee ee ee ee Te 
PORTD 



















| TRISE2 | TRISE 1 | TRISE 0 | 


e | PCFG2 | PCFG1 | PCFGO 
Legend: — = unimplemented locations, read as a ‘0’. 
Note: Shaded boxes are not used by Parallel Slave Port module. 
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6.0 OVERVIEW OF TIMER 
MODULES 


The PIC16C74 and PIC16C73 have three timer mod- 
ules. The PIC16C71 has one timer module. Each mod- 
ule can generate an interrupt to indicate that an event 
has occurred (i.e. timer overflow). Each of these mod- 
ules is explained in full detail in the following sections. 
The timer modules are: 


¢ TimerO (TMRO) module (see Section 7.0) 
*« Timeri (TMR1) module (see Section 8.0) 
e Timer2 (TMR2) module (see Section 9.0) 


For enhanced time-based functionality, two additional 
modules can be used with either of the TMR1 or TMR2 
modules. There are: 


¢ Capture/Compare/PWM1 (CCP1) module (see 
Section 10.0) 


e Capture/Compare/PWM2 (CCP2) module (see 
Section 10.0) 


6.1 Timer0 (TMRO) Overview 


The TMRO module (previously known as RTCC) is a 
simple 8-bit overflow counter. The clock source can be 
either the internal system clock (OSC/4) or an external 
clock. When the clock source is an external clock, the 
TMRO module can be selected to increment on either 
the rising or falling edge. 


The TMRO module also has a programmable prescaler 
option. This prescaler can be assigned to either the 
TMRO module or the Watchdog timer. The PSA bit 
(OPTION<3>) assigns the prescaler, and the PS2 -PSO 
(OPTION<2:0>) determines the prescaler value. The 
TMRO can increment at the following rates: 1:1 (when 
prescaler assigned to Watchdog timer), 1:2, 1:4, 1:8, 
1:16, 1:32, 1:64, 1:128, 1:256. 


Synchronization of the external clock occurs after the 
prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device's fre- 
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 


6.2 Timer1 (TMR1) Overview 


Timert (TMR1) is a 16-bit timer/counter. The clock 
source can be either the internal system clock (OSC/4), 
an external clock, or an external crystal. TMR1 can 
operate as either a timer or a counter. When operating 
as a counter (external clock source), the counter can 
either operate synchronized to the device or asynchro- 
nously to the device. Asynchronous operation allows 
TMR?1 to operate during sleep, which is useful for appli- 
cations that require a real time clock as well as the 
power savings of sleep mode. 


TMR1 also has a prescaler option which allows the 
TMR1 to increment at the following rates: 1:1, 1:2, 1:4, 
1:8. TMR1 can be used in conjunction with the Capture 
/ Compare / PWM (CCP1 or CCP2) module. When 
used with the CCP10r CCP2 module, TMR1 is the time- 
base for 16-bit capture or the 16-bit compare. When 
using the TMR1 module with the CCP1 or CCP2 mod- 
ule, TMR1 must be synchronized to the device. 


6.3 Timer2 (TMR2) Overview 


Timer2 (TMR2) is an 8-bit timer. TMR2 has both a pro- 
grammable prescaler and postscaler, as well as an 8-bit 
period register (PR2). TMR2 can be used with the 
CCP1 module as well as the baud rate generator for the 
Synchronous Serial Port (SSP). The prescaler option 
which allows the TMR2 to increment at the following 
rates: 1:1, 1:4, 1:16. 


The postscaler allows TMR2 to match the period regis- 
ter (PR2) a programmable number of times before gen- 
erating an_ interrupt. The postscaler can be 
programmed from 1:1 to 1:16 (inclusive). 


6.4 CCP1 and CCP2 Overview 


The CCP modules can operate in one of these three 
modes: 16-bit capture, 16-bit compare, or up to 10-bit 
Pulse Width Modulation (PWM) 


Capture mode, captures the 16-bit value of TMR1 into 
the CCPRxH:CCPRxL register pair. The capture event 
‘can be programmed for either the falling edge, rising 
edge, fourth rising edge, or the sixteenth rising edge of 
the CCPx pin. 


Compare mode, compares the TMR1H:TMR1L register 
pair to the CCPRxH:CCPRxL register pair. When a 
match occurs an interrupt can be generated, and the 
output pin CCP1 can be forced to given state (High or 
Low), TMR1 can be reset (CCP1), or TMR1 reset and 
start A/D conversion (CCP2). This depends on the con- 
trol bits CCPxM3 - CCPxMO. 


PWM mode, compares TMR2 to a 10-bit duty cycle reg- 
ister as well as to an 8-bit period register (PR2). When 
the TMR2 = PR2, TMR2 is cleared to 00h, an interrupt 
can be generated, and the CCPx pin (if an output) will 
be forced high. When the TMR2 = Duty Cycle register, 
the CCPx pin will be forced low. 
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7.0 TIMERO (TMRO) MODULE 


The TMRO module timer/counter has the following fea- 
tures: 


¢ 8-bit timer/counter 

e Readable and writable 

¢ 8-bit software programmable prescaler 

e Internal or external clock select 

e Interrupt on overflow from FFh to 00h 

e Edge select for external clock 

Figure 7-1 is a simplified block diagram of the TMRO 
module. 

Timer mode is selected by clearing the TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, the increment is inhibited for the fol- 
lowing two cycles (see Figure 7-2 and Figure 7-3). The 


user can work around this by writing an adjusted value 
to the TMRO module. 


Counter mode is selected by setting the TOCS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by the TO source 
edge (TOSE) control bit (OPTION<4>). Clearing the 


FIGURE 7-1: TIMERO (TMRO) BLOCK DIAGRAM 


i Programmable ; 


TOCK! fosc/4 


Prescaler 


PS2, PS1, PSO 


TOCS 


TOSE bit selects the rising edge. Restrictions on the 
external clock input are discussed in detail in 
Section 7.2. 


The prescaler is shared between the TMRO module and 
the watchdog timer. The prescaler assignment is con- 
trolled in software by the control bit PSA (OPTION<3>). 
Clearing the PSA bit will assign the prescaler to TMRO. 
The prescaler is not readable or writable. When the 
prescaler is assigned to the TMRO module, prescale 
value of 1:2, 1:4, ..., 1:256 are selectable. Section 7.3 
details the operation of the prescaler. 


7.1 TIMERO (TMROQ) Interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to 00h. This overflow 
sets the TOIF bit. The interrupt can be masked by clear- 
ing the TOIE bit (INTCON<5>). The TOIF bit 
(INTCON<2>) must be cleared in software by the 
TMRO module interrupt service routine before re- 
enabling this interrupt. The TMRO module interrupt can- 
not wake the processor from SLEEP since the timer is 
shut off during SLEEP. See Figure 7-4 for TMRO inter- 
rupt timing. 


Data bus 


Sync with 
Internal 
clocks 


(2 cycle delay) 


Set TOIF 


PSA Interrupt on 


Overflow 


Note 1: Bits, TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register. 
Note 2: The prescaler is shared with Watchdog Timer (refer to Figure 7-6 for detailed diagram) 





FIGURE 7-2: TIMERO (TMRO) TIMING: INTERNAL CLOCK/NO PRESCALE 


PC 
ae 
unter) 


Instruction 
Fetch 


TMRO 


Instruction 
Executed 


. Write TMRO , ReadTMRO , 
executed reads NTO 





,Q1{ Q2/Q3/ a4; a1] Q2]Q3/ a4 }a1| Q2/a3| a4 ;a1]aQ2/a3| a4) a1] a2/a3| a4 a1] a2/a3| a4; a1|a2/as|a4 | a1|az|as| ag | 
1 ' a ‘ t i] t 1 t 


Read TMRO | ReadTMRO |: ReadTMRO | Read TMRO 


reads NTO reads NTO readsNTO+1 ° readsNTO+2— 
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FIGURE 7-3: TIMERO (TMRO) TIMING: INTERNAL CLOCK/PRESCALE 1:2 


pC ‘at{a2z}as| as! at}a2|a3]a4ia1}a2|a3|a4 ia1|az/a3]a4ia1]a2z|as| a4 'a1}a2|as}a4‘at|az|as}a4 }a1|a2}as3|as | 
(Program ’ ty _ 8 ‘ 1 ’ ' ' 
Counter) — 


Instruction 
Fetch 


-TMRO 


pies Pore 4 4 t sf ] 


Execute ; ’ : , WriteTMRO , ReadTMRO , ReadTMRO | ReadTMRO . ReadTMRO , Read TMRO 
executed reads NTO reads NTO reads NTO reads NTO reads NTO+1_ 





FIGURE 7-4: TIMERO (TMRO) INTERRUPT TIMING 


; a1] a2| as| a4; ai| a2] as| as; ar| a2| as | aa; at| a2] as| as: ar| a2| as | aa: 
osc1 ) ; ir 7: , 


CLKOUT(3) pe eed hed teal he 


TMRO timer : a> 
TOIF bit +0 
(INTCON<2>) ! ee | 


GIE bit 
(INTCON<7>) 


INSTRUCTION FLOW | 
PC oS i ee o005h 


Instruction ! 


fetched Inst (PC+1) Inst (0004h) Inst (0005h) 


~ Inst (PC) Dummy cycle —, Dummy cycle Inst (0004h) 


Inst (PC) ; 


Inst (PC-1) 


Instruction 
executed 


Note 1: TOIF interrupt flag is sampled here (every Q1). 
2: Interrupt latency = 4Tcy where Tcy = instruction cycle time. 
3: CLKOUT is available only in RC oscillator mode. 
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7.2 Using TMRO with External Clock 


When an external clock input is used for TMRO, it must 
meet certain requirements. The external clock require- 
ment is due to internal phase clock (Tosc) synchroni- 
zation. Also, there is a delay in the actual incrementing 
of TMRO after synchronization. 


7.2.1 EXTERNAL CLOCK SYNCHRONIZATION 


When no prescaler is used, the external clock input is 
the same as the prescaler output. The synchronization 
of TOCKI with the internal phase clocks is accom- 
plished by sampling the prescaler output on the Q2 and 
Q4 cycles of the internal phase clocks (see Figure 7-5). 
Therefore, it is necessary for TOCKI to be high for at 
least 2Tosc (and a small RC delay of 20ns) and low for 
at least 2Tosc (and a small RC delay of 20ns). Refer to 
the electrical specification of the desired device. 


When a prescaler is used, the external clock input is 
divided by the asynchronous ripple counter-type pres- 
caler so that the prescaler output is symmetrical. For 
the external clock to meet the sampling requirement, 
the ripple counter must be taken into account. There- 
fore, it is necessary for TOCKI to have a period of at 
least 4 Tosc (and a small RC delay of 40ns) divided by 
the prescaler value. The only requirement on TOCKI 
high and low time is that they do not violate the mini- 
mum pulse width requirement of 10ns. Refer to param- 
eters 40, 41 and 42 in the electrical specification of the 
desired device. 


7.2.2 TMRO INCREMENT DELAY 


Since the prescaler output is synchronized with the 
internal clocks, there is a small delay from the time the 
external clock edge occurs to the time the TMRO mod- 
ule is actually incremented. Figure 7-5 shows the delay 
from the external clock edge to the timer incrementing. 


7.3 Prescaler | 


An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
Timer, respectively (see Figure 7-6). For simplicity, this 
counter is being referred to as “prescaler’ throughout 
this data sheet. Note that there is only one prescaler 
available which is mutually exclusive between the 
TMRO module and the Watchdog Timer. Thus, a pres- 
caler assignment for the TMRO module means that 
there is no prescaler for the Watchdog Timer, and vice- 
versa. 


The PSA and PS2-PS0 bits (OPTION<3:0>) determine 
the prescaler assignment and prescale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (¢.g.CLRF 1, MOVWF 1, 
BSF 1,x ....etc.) will clear the prescaler. When 
assigned to WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. The pres- 
caler is not readable or writable. . 
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FIGURE 7-5: TIMEROTIMING WITH EXTERNAL CLOCK 


7 Q1l Q2! Q3l Q4 | Q11 Q2! Q3! Q4 | Q1!) Q2I Q3!i 4 | Q1! Q2! Q3I a4 
EXT CLOCK INPUT OR | . 2 Small pulse 
PRESCALER OUT (NOTE 2) LAA\\A\ LAM \\_misses sampling 


EXT CLOCK/PRESCALER 
OUTPUT AFTER SAMPLING 


INCREMENT TMRO (Q4) 


TMRO 
Notes: 


. Delay from clock input change to TMRO increment is 3 tosc to 7 tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input =+ 4 tosc max. 

. External clock if no prescaler selected, Prescaler output otherwise. 

. The arrows indicate the points in time where sampling occurs. 





FIGURE 7-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 


CLKOUT (=Fosc/4) : Data Bus 


8 


~ TMRO 


Set TOIF 
Interrupt 
on Overfiow 


8-to - 1IMUX 


WDT Enable bit 


WDT 
Time-out 


Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 
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7.3.1 SWITCHING PRESCALER ASSIGNMENT To change prescaler from the WDT to the TMRO mod- 

ule use the sequence shown in Example 7-2. This pre- 
The prescaler assignment is fully under software con- caution must be taken even if the WDT is disabled. 
trol, i.e., it can be changed “on the fly” during program 
execution. To avoid an unintended device RESET, the EXAMPLE 7-2: CHANGING PRESCALER 
following instruction sequence (shown in Example 7-1) (WDT->TMRO) 
must be executed when changing the prescaler assign- ee tee HR AEA 
ment from TMRO to WDT. Se me 

BSF STATUS, RPO 
EXAMPLE 7-1: CHANGING PRESCALER MOVLW B'xxxx0xxx' ;Select TMRO, new 
(TMRO—-WDT) ;prescale value and 


sclock source 


BCF STATUS, RPO ;Bank 0 

CLRF TMRO :Clear TMRO & Prescaler aia peas RPO 
BSF STATUS, RPO ;Bank 1 ’ 
CLRWDT ;Clears WDT 

MOVLW B‘'xxxx1lxxx' ;Select new prescaler 

MOVWF OPTION ;value 

BCF STATUS, RPO ;Bank 0 


TABLE 7-1: SUMMARY OF TMRO REGISTERS 


RegisterName | __Function _i|_Address__| _ Power-on Reset Value 
TMRO Timer/counter register 


ment bits for TMRO. See Figure 7-5. 
mask bits. See Figure 7-6 
Legend: x = unknown, - = unimplemented, reads as a ‘0’. 


Note: For reset values of registers in other reset situations refer to Table 14-8. 
TABLE 7-2: REGISTERS ASSOCIATED WITH TMRO 


Name | Bit7 | Bite | sits | sits | Bits | Bre | sity | Bito | 


T Toe CONE EC Tor COMET RE : 


| Oth | TMRO___|TMRO 
| Tocs | Tose | PsA | ps2 | Psi | Pso | 
TRISAS | TRISA4 | TRIS 


OPTION Pu 
Legend: — = Unimplemented locations, Read as ‘0’ 


Note: Shaded boxes are not used by TMRO module 
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NOTES: 
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8.0 TIMER1 (TMR1) MODULE 


TMR1 is a 16-bit timer/counter consisting of two 8-bit 
registers (TMR1H and TMR1L) which are readable and 
writable. TMR1 increments from O000h to FFFFh and 
rolls over to OO0Oh. The TMR1 Interrupt, if enabled, is 
generated on overflow which is latched in interrupt flag 
bit TMR1IF (PIR1<0>). This interrupt can be enabled or 
disabled using the TMR1 interrupt enable bit TMR1IE 
(PIE1<0>). 


TMR1 can operate in one of two modes: 
e As atimer 
e As acounter 


This is determined by the clock select bit, TMR1CS 
(TICON<1>). | 


In timer mode, TMR1 increments every instruction 
cycle. In counter mode, it increments on every rising 
edge of the external clock input = on 
RCO/T10SO/T1CKI. 


TMR1 can be turned on or off using the control bit 
TMR1ON (T1CON<0>). 


FIGURE 8-1: T1CON : TIMER CONTROL REGISTER 


U 


URW RW RW COR RW sORW 
= | T1CKPs1 | T 1CKPSo| T1OSCEN | TISYNC| TMRICS|TMRION| | Register:  TICON |W: Writable 
; Address: 10h : Readable 


TMR1 also has an internal “reset input’. This reset can 
be generated by CCP1 or CCP2 (Capture/com- 
pare/PWM) module. See Section 10.059 for details. 
Figure 8-1 shows the Timer1 control register. 


When the TMR1 oscillator is enabled (T1OSCEN is 
set), the RC1/T10SI/CCP2 pin becomes an input. That 
is, the TRISC<1> value is_ ignored. The 
RCO/T10SO/T1CKI pin should normally be configured 
as an input (for external clock). However, this pin can 
be configured as an output if self-clocking (through the 
output pin) is desired. 


Unimplemented, 


POR value: 00h road as’ 


TMRI10ON: Timer1 on bit. 


1 = Enables timer1 
0 = Stops timer1 


TMR1CS: Timeri clock select. 


1 = Extemal clock (RCO/TCKI pin) (rising edge) 
0 = Intemal clock (OSC/4) 


TISYNC: Timer extemal clock input 

synchronization control. 

When TMRI1CS = 1 (Timer uses an external clock) 
1 = Do not synchronize external clock input 


0 = Synchronize extemal clock input 


When TMR1CS = 0 (Timer1 uses the internal clock). 
This bit is ignored. 


TIOSCEN:Timert oscillator enable/disable. 


1 = Oscillator is enabled 

0 = Oscillator shut off. The oscillator inverter and 
feedback resistor are turned off to eliminate 
power drain. 


T1CKPS<1:0>: Timer1 input clock prescale select. 


11 = Prescale value = 8 
10 = Prescale value = 4 
01 = Prescale value = 2 


00 = Prescale value = 1 


Unimplemented. 
read as '0' 
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8.1. TMR1 Operation in Timer Mode 

Timer mode is selected by clearing the TMRICS 
(T1CON<1>) bit. In this mode, the input clock to the 
timer is OSC/4. The synchronize control bit TISYNC 


(T1CON<2>) has no effect since the internal clock is 
always in sync. | 


8.2 TMR1 Operation in Synchronized | 
Counter Mode | 


Counter mode is selected by setting the TMR1CS bit. 
In this mode the timer increments on every rising edge 
of clock input on pin RC1/T1OSI/CCP2 (when 
T1OSCEN is set) or the RCO/T10SO/T1CKI. 


If TISYNC is cleared, then the external clock input is 
synchronized with internal phase clocks. The synchro- 
nization is done after the prescaler stage. The prescaler 
stage is an asynchronous ripple counter. 


In this configuration, during SLEEP mode, TMR1 will 
not increment even if external clock is present, since 
the synchronization circuit is shut off. The prescaler 
however will continue to increment. 


FIGURE 8-2: TMR1 BLOCK DIAGRAM 












TMR1IF 
Overflow 


Interrupt "| TMRIH | TMRIL 


cr =— me me we 


TMRI10N 
on/off TiSYNC 


TMRICS T1CKPS<1:0> 


+ When the T1OSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain. 


8.2.1 EXTERNAL CLOCK INPUT TIMING FOR | 
SYNCHRONIZED COUNTER MODE 


When an external clock input is used for TMR1 in syn- 
chronized counter mode, it must meet certain require- 
ments. The external clock requirement is due to internal 
phase clock (Tosc) synchronization. Also, there is a 
delay in the actual incrementing of TMRO after synchro- 
nization. 2 | : 

When the prescaler is 1:1, the external clock input is the 
same as the prescaler output. The synchronization of 
T1CKI with the internal phase clocks is accomplished 
by sampling the prescaler output on the Q2 and Q4 
cycles of the internal phase clocks. Therefore, it is nec- 
essary for T1CKI to be high for at least 2Tosc (and a 
small RC delay of 20ns) and low for at least 2Tosc (and 
a small RC delay of 20ns). Refer to Figure 17-5, Figure 
18-5 and Figure 19-5, parameters 45 and 46. 


When a prescaler other than 1:1 is used, the external 
clock input is divided by the asynchronous ripple 
counter-type prescaler so that the prescaler output is 
symmetrical. In order for the external clock to meet the 
sampling requirement, the ripple counter must be taken 
into account. Therefore, it is necessary for T1CKI to 
have a period of at least 4Tosc (and a small RC delay 
of 40ns) divided by the prescaler value. The only 
requirement on T1CKI high and low time is that they do 
not violate the minimum pulse width requirements of 
10ns). Refer to Figure 17-5, parameters 45, 46, and 47, 
and Figure 19-5, 40, and 42. 


Synchronized 
clock input 


Synchronize 
det 


Sleep input 


Prescaler | 
1,2,4,8 
tb. 
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8.3 TMR1 ration in Asynchron 
Counter Mode 


If the control bit T1SYNC is set, the external clock input 
is not synchronized. The timer continues to increment 
asynchronous to the internal phase clocks. The timer 
will continue to run during SLEEP and generate an 
interrupt on overflow which will wake up the processor. 
However, special precautions in software are needed to 
read/write the timer (see Section 8.3.2). 


In asynchronous counter mode, Timer1 can not be 
used as timebase for capture or compare operations. 


8.3.1 EXTERNAL CLOCK INPUT TIMING WITH 
UNSYNCHRONIZED CLOCK 


lf TISYNC is set, the timer will increment completely 
asynchronously. The input clock must meet a certain 
minimum high time and low time requirements, as 
specified in timing parameter. 


8.3.2 READING AND WRITING TIMER1 IN 
ASYNCHRONOUS COUNTER MODE 


Reading TMR1H or TMR1L while the timer is running 
from an external asynchronous clock will guarantee a 
valid read (taken care of in hardware). However, the 
user should keep in mind that reading the 16-bit timer 
in two 8-bit values itself poses certain problems since 
the timer may overflow between the reads. 


For writes, it is recommended that the user simply stop 
the timer and write the desired values. A write conten- 
tion may occur by writing to the timer registers while the 
register is incrementing. This may produce an unpre- 
dictable value in the timer register. 


Reading the 16-bit value requires some care. 
Example 8-1 is an example routine to read the 16-bit 
timer value. This is useful if the timer cannot be 
stopped. 


EXAMPLE 8-1: READING A 16-BIT 


FREE-RUNNING TIMER 
; All Interrupts are disabled 

MOVF TMRIH, W ;Read high byte 
MOVWF TMPH 
MOVE TMRIL, W 
MOVWF TMPL 
MOVF TMR1H, W 
SUBWF TMPH, Ww 


;Read low byte 


;Read high byte 
;Sub lst read 
swith 2nd read 
;is result = 0 
:;Good 16-bit read 


BTFSC STATUS,Z 
GOTO CONTINUE 


TMR1L may have rolled over between the read 
of the high and low bytes. Reading the high 
and low bytes now will read a good value. 


ye) ee) ee Ya TY 


MOVF TMR1H, W 
MOVWF TMPH 
MOVF TMR1L, W 
MOVWEF TMPL ; 
Re-enable Interrupt (if required) 
CONTINUE ;Continue with 
;your code 


;Read high byte 


;Read low byte 


8.4 Timer1 Oscillator 


A crystal oscillator circuit is built in between T10SI pin 
(input) and T10SO (amplifier output). It is enabled by 
setting control bit T1OSCEN (T1CON<3>). The oscilla- 
tor is a low power oscillator rated up to 200KHZz. It will 
continue to run during SLEEP. It is primarily intended 
for a 32KHz crystal. Table 8-1 shows the capacitor 
selection for the Timer1 oscillator. 


The Timer1 oscillator is identical to the LP oscillator. 
The user must allow software time-out to ensure proper 
oscillator start-up. 


TABLE 8-1: 


CAPACITOR SELECTION 
FOR THE TIMER1 
OSCILLATOR 


a a 


32 KHz§ 15 T 45pF Cd 15 pF 
100 KHz 15 pF 15 pF 
200 KHz 0-15 pF 0-15 pF 


Higher capacitance increases the stability of oscillator 
but also increases the start-up time. These values are 
for design guidance only. 

§For Vobd > 4.5V, C1=C2 = 30pf is recommended. 
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8.5 | Resetting Timer1 using a CCP Trigger 
Output | | 


If CCP1 or CCP2 module is configured in compare 
mode to generate a “special event’ trigger 
(CCP1M<3:0> = 1011), this signal will reset timer. 


Timer1 must be configured for timer or synchronized 
counter mode operation to take advantage of this fea- 
ture. If the Timer1 is running in asynchronous counter 
mode, this reset operation may not work. 


In the event that a write to Timer1 coincides with a reset 
trigger from CCP1 or CCP2, the write will take prece- 
dence. 


In this mode of operation, the CCPRxH:CCPRxL regis- 
ters pair effectively becomes the period register for the 
Timert. 


8.6 Resetting of Timer1 Registers 


TMR1H and TMRIL registers are not reset on POR or 
any other reset except by the CCP1 special reset trig- 
ger. 


T1CON register is reset to OOh on Power-on Reset. In 
any other reset, the register is unaffected. 


8.7 TMRi1 Prescaler 


The prescaler counter is cleared on writes to the 
TMR1H or TMR1L registers | 


TABLE 8-2: REGISTERS ASSOCIATED WITHTMR1 AS A TIMER/COUNTER 


OE | TMRIL Timert Least Significant Byte 
| OF | TMRIH _| Timer1 Most Significant Byte 





ST 


Legend: — =  Unimplemented locations, Read as '0' 
Note: Shaded boxes are not used by Timer1 module. 
t This bit is reserved on the PIC16C73. 
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9.0 TIMER2(TMR2) MODULE 


Timer2 is an 8-bit timer with a prescaler and a 
postscaler. It is especially suitable as PWM time-base 
(for PWM mode of CCP modules). TMR2 is a readable 
and writable register, and is cleared on any device 
reset. 


The input clock (OSC/4) has a prescale option of 1, 4 or 
16 (selected by control bits T2CKPS1, T2CKPSO, of 
register TZCON). 


Timer2 has an 8-bit period register PR2. Timer2 incre- 
ments from OOh until it matches PR2 and then resets to 
00h on the next increment cycle. PR2 is a readable and 
writable register. The PR2 register is set to all 1s during 
a reset. 


The overflow (or match) output of TMR2 goes through 
a 4-bit postscaler (which gives a 1:1 to 1:16 scaling) to 
generate a Timer2 interrupt (latched in TMR2IF bit, 
PIR<1>). 


TMR2 can be shut off using TMR2ZON (T2CON<2>) 
control bit to minimize power consumption. 


Figure 9-2 shows the TMR2 control register. 


9.1 TMR2 Pr ler and Postscaler 


The prescaler and postscaler counters are cleared 
when any of the following occurs: a write to the TMR2 
register, a write to the T2CON register, or any device 
reset (Power-on Reset, MCLR reset, or Watchdog 
Timer reset). TMR2 will not clear when T2CON is writ- 
ten, only for a WDT, POR, and MCLR reset. 





9.2 Output of TMR2 


The output of TMR2 (before the postscaler) is fed to the 
synchronous Serial port module which one uses it 
to generate shift clock. 


FIGURE 9-1: TIMER2 BLOCK DIAGRAM 


Timer2 TMR2 
interrupt | output 


Reset Prescaler 
1,4,16 
Postscale 
1:1 — 1:16 


TMR2iF 


“ TMR2 output can be software selected by the SSP 
module as baud clock. 





FIGURE 9-2: T2CON: TIMER2 CONTROL REGISTER 


Register: TZCON| W:  Writable 
TOUTPS3| TOUTPS2 | TOUTPS1| TOUTPSO | TMR20N;} T2CKPS1| T2CKPSO ; : Readable 
POR value: OOh|U: Unimplemented, read as ‘0’ 


T2CKPS<1:0>: Timer2 clock prescaler select. 
00 = Prescaler is 1 
01 = Prescaler is 4 
1x = Prescaler is 16 
TMR2ON: Timer2 on/off control. 
1 = TMRZ2 is on 
= TMR2 is off 
TOUTPS<3:0>: Timer2 output postscale select 
0000 = Postscaler is 1 
0001 = Postscaler is 2 


e 
@ 


1111 = Postscaler is 16 


Unimplemented. 
Read as 'O' 
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TABLE 9-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER 


ee fe [er [me [we [ee [os [ne La [me 


-— oan [WicoN | —Gle_| Pee 
lee 


[acne fa 


Legend: -— = Unimplemented locations, read as ‘0’ 
Note: Shaded boxes are not used by Timer2 module. 
t This bit is reserved on the PIC16C73. 
























vimana etme Ea a IN a ES a DT 
DS30390A-page 2-576 © 1995 Microchip Technology Inc. 


PIC16C7X 





10.0 CAPTURE/COMPARE/PWM 
MODULE 


The PIC16C7X has two Capture/Compare/PWM (CCP) 
modules consisting of a 16-bit register which can oper- 
ate as a 16-bit capture register, as a 16-bit compare 
register or as a PWM output. (Both the CCP1 and 
CCP2 modules are identical in operation, with the 
exception of the special trigger.) In the following sec- 
tions, the operation of a CCP module is described with 
respect to CCP1. Please note that CCP2 is similar to 
CCP1, except where noted. 


CCP1 module: 


Capture/compare/PWM register1 (CCPR1) is made up 
of two 8-bit sections: low byte, CCPR1L and high byte, 
CCPR1H. Both are readable and writable. 


CCP2 module: 


Capture/compare/PWM register2 (CCPR2) is made up 
of two 8-bit sections: low byte, CCPR2L and high byte, 
CCPR2H. Both are readable and writable. The interac- 
tion of multiple CCP modules is discussed in applica- 
tion note AN594. 


FIGURE 10-1: CCP1CON/CCP2CON REGISTER 


10.1 Capture Mode 


In Capture mode, CCPR1H:CCPR1L captures the 
16-bit value of TMR1 when an event occurs on pin 
RC2/CCP1. An event is defined as: 


1. A falling edge 

2. Arising edge 

3. Every 4 rising edges 
4. Every 16 rising edges 


One of these is selected by the control bits 
CCP1M <3:0> in register CCP1CON. When a capture 
is made the interrupt request flag, CCPIIF bit 
(PIR1<2>) is set. It must be reset in software. If 
another capture occurs before the value in register 
CCPR’1 is read, the old captured value will be lost. In 
capture mode, the RC2/CCP1 pin should be configured 
as an input through its corresponding TRIS bit. 





When the capture mode is changed, a false capture 
interrupt may be generated. The user should keep 
CCP1IE clear to avoid false interrupts and should clear 
the CCP1IF bit following any such change in operating 
mode. 


Register: CCP1CON|W: Writable 


} — | cor ccpxy| CCPxM3| CCPxM2 } copa M1 | coPxMo | MO Address: ee 


Address: 1Dh 
=a wis a ~ 

CCPxM <3:0>: CCPX mode select. 

0000 = Capture/compare/PWM off 
(Resets CCPX module) 

0100 = Capture mode, every falling edge 

0101 = Capture mode, every rising edge 

0110 = Capture mode, every 4th rising edge 

0111 = Capture mode, every 16th rising edge 

1000 = Compare mode, set output on match 
(CCPXxIF bit is set) 

1001 = Compare mode, clear output on match 
(CCPXIF bit is set) 

1010 = Compare mode, generate software 
interrupt on match (CCPxIF bit is set). 
CCPX pin is unaffected 

1011 = Compare mode, trigger special event 
- CCP1 resets TMR1 

11XX = PWM mode 

CCPxX:CCPxY: Two low order bits. 





Capture mode: Unused 
Compare mode : Unused 


PWM mode : Write the two low order bits in high 
resolution (10-bit) mode. May be kept constant (at ‘0') 


if only 8-bit resolution (in standard resolution mode) is 
desired. 


Unimplemented, read as ‘0’. 


a 
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10.1.1 PRESCALER 


There are four prescaler settings, specified by the 
CCP1M3-CCP1M0 bits. Whenever the CCP module is 
turned off, or the CCP module is not in capture mode, 
the prescaler counter is cleared. This means that any 
reset will clear the prescaler counter. 


Switching from one capture prescaler to another may 
generate an interrupt. Also, the prescaler counter will 
not be cleared, and therefore the first capture may be 
from a non-zero prescaler. Example 10-1 shows the 
recommended way to switch between capture prescal- 
ers. This example also clears the prescaler counter and 
will not generate the “false” interrupt. 


EXAMPLE 10-1: CHANGING BETWEEN 
CAPTURE PRESCALERS 


Turn CCP module off 
Load the W reg with 
the new prescaler 


CLRF CCP1CON : 
; mode value and CCP ON 


MOVLW NEW_CAPT_PS 


Load CCP1CON with 
this value 


MOVWF CCP1CON 


10.1.2 TMR1 MODE SELECTION 


TMR1 must be running in timer mode or synchronized 
counter mode for the CCP1 modules to use the capture 
feature. In asynchronous counter mode the capture 
Operation may not work. 


FIGURE 10-2: CAPTURE MODE — 
OPERATION BLOCK 
DIAGRAM | 


Set CCPxIF © 
PIR<2> 


CCPRxH | CCPRxL 
Ag 


Enable 


a ° 
TMR1H TMRIiL 


Q's CCPCONx<3:0> 
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10.2 Compare Mode 


In compare mode, the 16-bit CCPRi register value is 
constantly compared against the TMR1. When a match 
occurs, the RC2/CCP1 pin is: . : 


e Driven High 


© Driven Low 


° Remains Unchanged 


The action on the pin’ is based on the control bits 
CCP1M <3:0> in register CCP1CON. At the same 
time, a compare interrupt is also generated. The user 
must set the RC2/CCP1 pin as an output through the 
TRISC<2> bit. 





10.2.1. TIMER1 MODE SELECTION 


Timer1 must be running in timer mode or synchronized 
counter mode if the CCP1 module is using the compare 
feature. In asynchronous counter mode, the compare 
operation may not work. 


10.2.2 SOFTWARE INTERRUPT MODE 


Another compare mode is software interrupt mode in 
which the CCP1 pin is not affected. Only CCP1IF inter- 
rupt is generated. | 


10.2.3 SPECIAL TRIGGER 


In this mode, an internal hardware trigger is generated 
which may be used to initiate an action. 


The special trigger output of CCP1 resets the TMR1. 
This allows the CCPR1 register to effectively be a 16-bit 
programmable period register for Timer1. 


The special trigger output of CCP2 starts an A/D con- 
version (if the A/D module is on) and resets Timer. 
This allows A/D conversions to be done at a constant 
(sampling) frequency without software overhead. 


FIGURE 10-3: COMPARE MODE 
OPERATION BLOCK 
DIAGRAM 


Special event fT 


Set CCPxIF 
PIR<2> 


CCPRxH | CCPRxL 
| Output M2 


TRISC<y> CCPxCON<3:0> 
Output Enable Mode Select 


+ For CCP1 (if enabled), reset Timert. 


For CCP2 (If enabled), reset Timer1 
and set GO bit (ADCON0<2>). 
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10.3 PWM Mode 


In Pulse Width Modulation (PWM) mode, the 
RC2/CCP1 produces up to 10-bit resolution PWM out- 
put. This pin must be configured as an output through 
the TRISC<2> bit. The pin is multiplexed with the data 
latch. In PWM mode, the user writes the 8-bit 
duty-cycle value to the low byte of the CCPR1 register, 
namely CCPR1L. The high-byte, CCPR1H is used as 
the slave buffer to the low byte. The 8-bit data is trans- 
ferred from the master to the slave when the PWM1 
output is set (i.e. at the beginning of the duty cycle). 
This double buffering is essential for glitchless PWM 
output. In PWM mode, CCPR1H is readable but not 
writable. The period of the PWM is determined by the 
Timer2 period register (PR2). 


PWM period is = 

{(PR2) + 1] ° 4 Tosc ¢ (TMR2 prescale value) 
PWM duty cycle = 

(DC1) * Tosc ¢ (TMR2 prescale value) 


where DC1 = 10 bit value from CCPRxL and CCPx- 
CON<5:4> concantenated. 


The PWM output resolution is therefore programmable 
up to a maximum of 10-bit. | 





FIGURE 10-4: SIMPLIFIED PWM BLOCK 
DIAGRAM 


CCPRxL 


Clear Timer, 
CCPx pin and 
latch D.C. 


Note: 8-bit timer is concatenated with 2-bit internal Q clock 
or 2 bits of the prescaler to create 10-bit time base. 





TABLE 10-1: PWM FREQUENCY VS 
RESOLUTION AT 20 MHZ 






Max 
Resolution 


(High 
Resolution 
Mode) 


Obit [19.53 kHz [4.88 kHz [1.22 KHz 
bit [39.06 kHz [9.77 kHz [2.44 KHz | 















Prescale=1 | Prescale=4 | Prescale=16 






TABLE 10-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MHZ 







Resolution (Standard-resolution mode)t 





FTinerPrescaier (1416) _————S—S~d St} | PP) 
[ent [emt | enn [ene | ser | a5ot 






19.53 kHz 78.12 kHz | 156.3 kHz| 208.3 kHz 










t Standard resolution mode has the CCPIX:CCPIY bit constant (or ‘0’), and only compares the TMR2 against the PR2. The 


Q-cycles are not used. 


Sa A SE EE PT EE FS EEE TI 2 PT SC EE TE ICE a ECE SE TE ET SSE EFI TB GT Oa ED SES ESSA EL A IR SE AE SES ED SSPE IIS SSE GEST ORT ESE OS EE YO SEED 
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TABLE 10-3: REGISTERS ASSOCIATED WITH TIMER1 AND CAPTURE 











Ee SRE can RGR IRE SRE NRT ECR AREEEE MM TINEA RT SNES TEAS SN AS 


roB/ee | WICON | le | Pele 
: 


oc PIR1 


CCP2IE 
TMRIL imeri Least Significant Byte | 


Tj ; : . ifi 
OF TMR1H Timer Most Significant Byte . ; | 
TICON TICKPS1 | TiICKPSO | TIOSCEN TISYNC TMRiICS | TMR1ON 





















PIE1 







8C 















[r0— 
[1c [ocean | imert capture Retr St) SSS 
8S aan 





Legend: — =Unimplemented locations, Read as '0 Note: Shaded boxes are not used in this mode. 


Tt This bit reserved on the PIC16C73. 


TABLE 10-4: REGISTERS ASSOCIATED WITH TIMER1 AND COMPARE 









TS LTT TTT SRN ETT A TT TS An RT TAT NT EL AA 


coro 


CCP2IE 





aes 
1D 






CCPR2L _| Timer1 Capture Register (LSb) | 
CCPR2H — | Timeri Capture Register (MSb) 


Legend: — =Unimplemented locations, Read as ‘0' Note: Shaded boxes are not used in this mode. 
tT This bit reserved on the PIC16C73. 















SR EIEN I ETP TOE EIT SESS POTD ES TT LE ET SE IPI TOSS ESTERS I SESE SIS TED STE SP TS TEE SSE ETE ST PSE SI EE aE TE PEI EE EE EET SE EE TALE EEE STE EE EE TI EDL RTT TIE TELE IES EEE 
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TABLE 10-5: REGISTERS ASSOCIATED WITH TIMER2 AND PWM 


sito 
AGE 
[oo | pre 


eo ree ee es 
92 PR2 Timer2 period Register 


CCPR1H Timer2 Duty Cycle Register (Slave) 






















CCPR2L Timer2 Duty Cycle Register 
CCPR2H Timer2 Duty Cycle Register (Slave) 
CCP2CON CCP2X CCP2Y CCP2M3 CCP2M2 | CCP2M1 | CCP2MO0 


Legend: — = Unimplemented locations, Read as '0' Note: Shaded boxes are not used in this mode. 
t This bit reserved on the PIC16C73. 








CPN IRAE ISR LRN EC BELITTLE IE POE TLE SET SE TS FTE EE RT ETE PT TEEPE TE DIENT IEE OE PL IEEE TTY SW RIEL BE PE ITT LE TE TELA SI LES EEE TTI TE TET TELS TTT IE LSPS HT GE SL TIE NS I Ne TS EL RTT SSR 
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NOTES: 
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11.0 SYNCHRONOUS SERIAL 
PORT (SSP) MODULE 


~The Synchronous Serial Port (SSP) module is a serial 

interface useful for communicating with other periph- 
eral or microcontroller devices. These peripheral 
devices may be Serial EEPROMs, shift registers, dis- 
play drivers, A/D converters, etc. The SSP module can 
operate in one of two modes: | 


¢ Serial Peripheral Interface (SPI) 
e Inter-Integrated Circuit (I@C) 





FIGURE 11-1: SSPSTAT: SYNC SERIAL PORT STATUS REGISTER 


U U R RR RR R 
7K Register: SSPSTAT | W: Writable bit 


bit7 bit POR value: 00h | U: Unimplemented, read as ‘0 


BF: Buffer full 
la 
1 = Receive complete, SSPBUF is full 
0 = Receive not complete, SSPBUF is empty 


Transmit (! 
1 = Transmit in progress, SSPBUF is full 
0 = Transmit complete, SSPBUF is empty 


UA: Update Address (10-bit I2C slave mode only) 

1 = Indicate that the user needs to update the address in the SSPADD 
register. See Section 11.2 for details. 

0 = Address does not need to be updated. 


R/W: Read/write bit information (I2C mode only) 

This bit holds the R/W bit information received following the last address 
match. This bit is only valid during the transmission. 

The user may use this bit in software to determine whether transmission 
or reception is in progress. 

1 = Read 

0 = Write 


S: Start bit (I@C mode only) 

This bit is cleared when the SSP module is disabled (SSPEN is cleared) 

1 = Indicates that a start bit has been detected last. This bit is 0 on 
reset. 

0 = Start bit was not detected last 


P: Stop bit (I2C mode only) 

This bit is cleared when the SSP module is disabled (SSPEN is cleared) 
1 = Indicates that a stop bit has been detected last. 

0 = Stop bit was not detected last 


D/A: Data/Address bit (I2@C mode only) 


1 = Indicates that the last byte received was data 
0 = Indicates that the last byte received was address 


Unimplemented, read as ‘0’. 
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FIGURE 11-2: SSPCON: SYNC SERIAL PORT CONTROL REGISTER 


RW RAV RAW RW RW RW RW RW 


WCOL! SSPOV|SSPEN|CKP| SSPM3| SSPM2|SSPM1|SSPMO Register: SSPCON | W: Writable bit 
Address: 1 R: Readable bit 
bit7 bitO POR value: 00h | U: Unimplemented, read as ‘0’ . 





SSPM<3:0>: Synchronous serial port mode select 

0000 = SPI master mode, clock = OSC/4 

0001 = SPI master mode, clock = OSC/16 

0010= SPI master mode, clock = OSC/64 

0011 = SPI master mode, clock = (TMR2 output/2) 

0100 = SPI slave mode, clock = SCK pin. ss pin control enabled. 

0101 = SPI slave mode, clock = SCK pin. ss pin control disabled. SS 
can be used as I/O pin. 

0110 = 1?C slave mode, 7-bit address 

0111 = IC slave mode, 10-bit address 

1011= I?C master mode support enabled (slave idle) 

1110= |°C slave mode, 7-bit address with master mode support 
enabled ' 

1111= [?C slave mode, 10-bit address with master mode support 
enabled 

CKP: Clock polarity select. 


In SPI modes: 

1= Transmit happens on falling edge, receive on rising edge. Idle state 
for clock is a High level. 

O= Transmit happens on rising edge, receive on falling edge. Idle state 
for clock is a Low level. 

Ink ‘. 

SCK release control 

1= Enable clock 

O= Holds clock low (clock stretch) 
Note: Used to ensure data setup time 


SSPEN: Sync serial port enable 
In SPI modes: 
1 = Enables serial port and configures SCK, SDO and SDI as serial port 


pins. » 

0= Disables serial port and configures these pins as I/O port pins. 

In 2C modes: 

1= Enables the serial port and configures SDA and SCL pins as serial 
port pins. 


O= Disables serial port and configures these pins as I/O port pins. 
In both modes, when enabled, these pins must be properly config- 
ured as input or output. 


SSPOV: Receive overflow flag. 


In SPI modes: 7 

1= Anew byte is received while SSPBUF register is still holding the 
previous data. In case of overflow, the data in SSPSR is lost. Over- 
flow can only occur in slave mode. The user must read the SSP- 
BUF, even if only transmitting data, to avoid setting overflow. in 
master mode overflow bit is not set since each new reception (and 


transmission) is initiated by writing to SSPBUF. 
O= No overflow 


In IC modes: 
_ 1= Abyte is received while the SSPBUF is still holding the previous 
byte. SSPOV is a don't care in transmit mode. SSPOV must be 
cleared in software in either mode. 


WCOL: Write collision detect. 

1= the SSPBUF register is written while it is still transmitting the previ- 
ous word. 
Must be cleared in software. 

O= Nocollision 
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11.1 SPI Mode 


The SPI mode allows 8-bits of data to be synchro- 
nously transmitted and received simultaneously. To 
accomplish communication, typically three pins are 
used: 

¢ Serial Data Out (SDO) RC5/SDO 

¢ Serial Data In (SDI) RC4/SDI 

¢ Serial Clock (SCK) RC3/SCK 


Additionally a fourth pin may be used when in a slave 
mode of operation: 


° Slave Select (SS) RA5/SS 


When initializing the SPI, several options need to be 
specified. This is done by programming the appropriate 
control bit in the SSPCON register (SSPCON<5:0>). 
These control bits allow the following to be specified: 

e Master Mode (SCK is the clock output) 

e Slave Mode (SCK is the clock input) 

e Clock Polarity (Output/Input data on the 
Rising/Falling edge of SCK) 

Clock Rate (Master mode only) 

e Slave Select Mode (Slave mode only) 


The SSP consists of a transmit/receive Shift Register 
(SSPSR) and a Buffer register (SSPBUF). The SSPSR 
shifts the data in and out of the device, MSB first, while 
the SSPBUF holds the data that was written to the 
SSPSR, until the received data is ready. Once the 
8-bits of data have been received, that information is 
moved to the SSPBUF register, the Buffer Full (BF) bit 
(SSPSTAT <0>) and the SSPIF bit are set. This double 
buffering of the received data (SSPBUF) allows the 
next byte to start reception before reading the data that 
was received. Any write to the SSPBUF register during 
transmission/reception of data will be ignored, and the 
write collision detect (WCOL) bit (SSPCON<7>) will be 
set. User software must clear the WCOL bit so that it 
can be determined if the following write(s) to the SSP- 
BUF completed successfully. When the application 
software is expecting to receive valid data, the SPP- 
BUF should be read before the next byte of data to 
transfer is written to the SSPBUF. The Buffer Full (BF) 
bit (SSPSTAT<0>) indicates when the SSPBUF has 
been loaded with the received data (transmission is 
complete). When the SSPBUF is read, the BF bit is 
cleared. This data may be irrelevant if the SPI is only a 
transmitter. Generally the SSP Interrupt is used to 
determine when the transmission/reception has com- 
pleted. The SSPBUF can then be read (if data is mean- 
ingful) and/or the SSPBUF (SSPSR) can be written. If 
the interrupt method is not going to be used, then soft- 
ware polling can be done to ensure that a write collision 
does not occur. Example 11-1 shows the loading of the 
SSPBUF (SSPSR) for data transmission. The shaded 
instruction is only required if the received data is mean- 


ingful. 





EXAMPLE 11-1: LOADING THE SSPBUF 
(SSPSR) REGISTER 


LOOPBSF STATUS, RPO ;Specify Bank 1 
BTFSS SSPSTAT, BF ;Has data been 


;received 

; (transmit 

; complete) ? 
GOTO LOOP ;No 
BCF STATUS, RPO ;Specify Bank 0 


MOVF SSPBUF, W 


;W reg = contents 
;of SSPBUF 





sentences of 





MOVF TXDATA, W jW reg 
; TXDATA 


MOVWF SSPBUF :;New data to xmit. 


The block diagram of the SSP module, when in SPI 
mode (Figure 11-3), shows that the SSPSR is not 
directly readable or writable, and can only be accessed 
from addressing the SSPBUF register. Additionally, the 
SSP status register (SSPSTAT) indicates the various 
status conditions. 


FIGURE 11-3: SSP BLOCK DIAGRAM 
(SPI MODE) 


Internal 


SS Control 
Enable 


Edge 
Select 
Clock select 


SSPM<3:0> 


Timer2 ee abe 


V4 
xX <i Prescaler 
SCK 4, 16, 64 
Data to Tx/Rx in SSPSR 
—— TRISC<3> 
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To enable the serial port, the SSP enable bit (SSPEN) 
must be set. To reset or reconfigure SPI mode, clear 
SPEN, re-initialize SSPCON, and then set SSPEN. 
This configures the SDI, SDO, SCK, and SS pins as 
serial port pins. For the pins to behave as the serial port 
function, they must have their data direction bits (in the 
TRISC register) appropriately programmed. That is: 


e SDI must have TRISC<4> set 
e SDO must have TRISC<5> cleared 


e SCK (Master mode) must have TRISC<3> 
cleared 


e SCK (Slave mode) must have TRISC<3> set 
e SS must have TRISA<5> set 


Any serial port function that is not desired may be over- 
ridden by programming the corresponding data direc- 
tion (TRIS) register to the opposite value. An example 
would be in master mode where you are only sending 
data (to a display driver), then both SDI and SS could 
be used as general purpose outputs by clearing their 
corresponding TRIS register bits. 


Figure 11-4 shows a typical connection between two 
microcontrollers. The master controller (Processor 1) 
initiates the data transfer by sending the SCK signal. 
Data is shifted out of both shift registers on their pro- 
grammed clock edge, and latched on the opposite 
edge of the clock. Both processors should be pro- 
grammed to same Clock Polarity (CKP), then both con- 
trollers would send and receive data at the same time. 
Whether the data is meaningful (or dummy data) 
depends on the application software. This leads to 
three scenarios for data transmission: 


e Master sends data — Slave sends dummy data 
e Master sends data — Slave sends data 
e Master sends dummy data — Slave sends data 





SPI Master SSPM<3:0> = OOxxb 


Serial Input Buffer 
(SSPBUF) 


Shift Register 
(SSPSR) 


PROCESSOR 1 


FIGURE 11-4: SPI MASTER/SLAVE CONNECTION 


The master can initiate the data transfer at any time 
because it controls the SCK. The master determines 
when the slave (Processor 2) wishes to broadcast data 
by the software protocol. 


In master mode the data is transmitted/received as 
soon as the SSPBUF is written to. If the SPI is only 
going to receive, the SCK output could be disabled 
(programmed as an input). The SSPSR register will 
continue to shift in the signal present on the SDI pin at 
the programmed clock rate. As each byte is received, it 
will be loaded into the SSPBUF as if a normal received 
byte (interrupts and status bits appropriately set). This 
could be useful in receiver applications as a “line activ- 
ity monitor’ mode. 


In slave mode, the data is transmitted and received as 
the external clock pulses appear on SCK. When the last 
bit is latched the interrupt flag (SSPIF) is set (PIR1<3>). 


The clock polarity is selected by appropriately program- 
ming the CKP bit (SSPCON<4>). This then would give 
waveforms for SPI communication as shown in 
Figure 11-5 and Figure 11-6 where the MSB is trans- 
mitted first. In master mode, the SPI clock rate (bit rate) 
is user programmable to be one of the following: 

¢ OSC / 4 (or Tcy) 

e OSC / 16 (or 4 Tcy) 

e OSC / 64 (or 16 © Tcy) 

¢ Timer2 output / 2 

This allows a maximum bit clock frequency (at 20 MHz) 
of 5 MHz. When in slave mode the external clock must 
meet the minimum high and low times (see Table 17-7). 


In sleep mode, the slave can transmit and receive data 
and wake-up the device from sleep. 
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The SS pin allows a synchronous slave mode. The SPI 
must be in slave mode (SSPCON<3:0> = 04h) and the 
TRISA<5> bit must be set the for the synchronous 
slave mode to be enabled. When the SS pin is low, 
transmission and reception are enabled and the SDO 
pin is driven. When the SS pin goes high, the SDO pin 
is no longer driven, even if in the middle of a transmitted 
byte, and becomes a floating output. External pull-up / 


pull-down resisters may be desirable, depending on the 
application. 

To emulate two-wire communication, the SDO pin can 
be connected to the SDI pin. When the SPI needs to 
operate as a receiver the SDO pin can be configured as 
an input. This disables transmissions from the SDO. 
The SDI can always be left as an input (SDI function) 
Since it cannot create a bus conflict. 


FIGURE 11-5: SPI MODE TIMING (MASTER MODE OR SLAVE MODE W/O SS CONTROL) 


foe ye at tee ee a, a a ee ee 
Pemes eed ee ea oy eal he et 


(CKP =1 ) ; i i 


SDI 
bit7 


SSPIF 
interrupt flag 


+ LIKI X EYEE L EK 








FIGURE 11-6: SP! MODE TIMING (SLAVE MODE WITH SS CONTROL) 


SCK 
(CKP = 1) | | | ! 





TABLE 11-1: REGISTERS ASSOCIATED WITH SPI OPERATION 


5 


SSPSTAT 


Legend: — = Unimplemented locations, Read as '0' 


Note: Shaded boxes are not used by SSP module in SPI mode. 


t This bit is reserved on the PIC16C73. 


[arr [ ete [ene | ove | ets | ove | env | ono 


CES SS 
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11.2 _12C™ Overview 


This section provides an overview of the Inter-IC (IFC) 
bus, with Section 11.3 discussing the operation of the 
SSP module in I?C mode. The |@C bus is a two-wire 
serial interface developed by the Philips Corporation. 
The original specification, or standard mode, was for 
data transfers of up to. 100 Kbps. An enhanced specifi- 
cation, or fast mode, supports data transmission up to 


400 Kbps. Both standard mode and fast mode devices 


will inter-operate if attached to the same bus. 


The 12C interface employs a comprehensive protocol to 
ensure reliable transmission and reception of data. 
When transmitting data, one device is the “master” 
(generates the clock), while the other device(s) acts as 
the “slave.” All portions of the slave protocol are imple- 
mented in the SSP module’s hardware, while portions 
of the master protocol need to be addressed in the 
PIC16CXX software. Table 11-2 defines some of the 
!?C-bus terminology. For additional information on the 
\?C interface specification, refer to the Philips‘ docu- 
ment “The /°C-bus and how to use it.”The order num- 
ber for this document is 98-8080-575. 


In the !2C interface protocol each device has an 
address. When a master wishes to initiate a data trans- 
fer, it first transmits the address of the device that it 
wishes to “talk” to. All devices “listen” to see if this is 
their address. Within this address, a bit specifies if the 
master wishes to read / write from/to the slave device. 
The master and slave are always in opposite modes 
(transmitter/receiver) of operation during a data trans- 
fer. That is they can be thought of operating in either of 
these two relations: 


e Master-transmitter and Slave-receiver 
e Slave-transmitter and Master-receiver 


In both cases the master generates the clock signal. 


TABLE 11-2: C-BUS TERMINOLOGY 






Transmitter 


Multi-master 











Arbitration 








Synchronization 














“Fhe cove wich ints evans aortas th dba oto ta anlor 


More than one master device in a system. These masters can attempt to control the bus at the 
same time without corrupting the message. 





Procedure that ensures that only one of the master devices will control the bus. This ensure that 
the transfer data does not get corrupted. 


Procedure where the clock signals of two or more devices are synchronized. a 


The output stages of the clock (SCL) and data (SDA) 
lines must have an open-drain or open-collector in 
order to perform the wired-AND function of the bus. 
External pull-up resistors are used to ensure a high 
level, when no device is pulling the line down. The num- 
ber of devices that may be attached to the I?C bus is 
limited only by the maximum bus loading specification 
of 400 pF. 


11.2.1. INITIATING AND TERMINATING DATA 
TRANSFER : 


During times of no data transfer (idle time), both the 
clock line (SCL) and the data line (SDA) are pulled high 
through the external pull-up resistors. The START and 
STOP conditions determine the start and stop of data 
transmission. The START condition is defined as a high 
to low transition of the SDA when the SCL is high. The 
STOP condition is defined as a low to high transition of 
the SDA when the SCL is high. Figure 11-7 shows the 
START and STOP conditions. The master generates 
these conditions for starting and terminating data trans- 
fer. Due to the definition of the START and STOP con- 
ditions, when data is being transmitted the SDA line 
can only change state when the SCL line is low. 


FIGURE 11-7: START AND STOP 
CONDITIONS 


Og 


fe Ss Sores 


Change 
Condition of Data of Data Condition 
Allowed Allowed 
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11.2.2 ADDRESSING I?C DEVICES 


There are two address formats. The simplest is the 
7-bit address format with a R/W bit (see Figure 11-8). 
The more complex is the 10-bit address with a R/W bit 
(see Figure 11-9). For 10-bit address format, two bytes 
must be transmitted with the first five bits specifying this 
to be a 10-bit address. 


FIGURE 11-8: 7-BIT ADDRESS FORMAT 


MSb LSb 
Fed A sc 
slave address Sent by 
S - Start Condition Slave 


R/W - Read/Write pulse 
ACK - Acknowledge 





FIGURE 11-9: I?C 10-BIT ADDRESS 
FORMAT 


[S]11110 AQ A8 RWI|ACK|A7 A6 AS Ad AS A2 Al AOJACK 


sent by slave 
= O for write 
S$ __ - Start Condition 


R/W - Read/Write Pulse 
ACK - Acknowledge 





FIGURE 11-11: A DATA TRANSFER 





11.2.3. TRANSFER ACKNOWLEDGE 


All data must be transmitted per byte, with no limit to the 
number of bytes transmitted per data transfer. After 
each byte, the slave-receiver generates an acknowl- 
edge bit (ACK). This is shown in Figure 11-10. When a 
slave-receiver doesn’t acknowledge the slave address 
or received data, the master must abort the transfer. 
The slave must leave SDA high so that the master can 
generate the STOP condition (see Figure 11-7). 


FIGURE 11-10: SLAVE-RECEIVER 
ACKNOWLEDGE 


Data 775 

Ouputby \L XX 
Transmitter |! a, 
! not acknowledge 


Data = 
— 


Output by 


I 
Receiver | 
{ acknowledge 
Master | L 2 -- 8 9 
| | 
iS | 
Start Clock pulse for 
Condition acknowledgement 


If the master is receiving the data (master-receiver), it 
generates an acknowledge signal for each received 
byte of data, except for the last byte. To signal the end 
of data to the slave-transmitter, the master does not 
generate an acknowledge (not acknowledge). The 
slave then releases the SDA line so the master can 
generate the STOP condition. The master can also 
generate the STOP condition during the acknowledge 
pulse for valid termination of data transfer. 


If the slave needs to delay the transmission of the next 
byte, holding the SCL line low will force the master into 
a wait state. Data transfer continues when the slave 
releases the SCL line. This allows the slave to move 
the received data or fetch the data it needs to transfer 
before allowing the clock to start. This wait state tech- 
nique can also be implemented at the bit level. 
Figure 11-11 shows a data transfer waveform. 





acknowledgement 
signal from receiver 


acknowledgement 


byte complete. 
nt P Signal from receiver 


interrupt with receiver 


clock line held low while 
interrupts are serviced 


7 8 9 | 1 2 3°8 9 


Start 
Condition Address R/V ACK Wait Data ACK Condition 


State 





Figure 11-12 and Figure 11-13 show Master-transmitter and Master-receiver data transfer sequences. 
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When a master does not wish to relinquish the bus (by send “commands” to the slave and then receive the 
generating a STOP condition), a repeated START con- requested information or to address a different slave 


dition (Sr) must be generated. This condition is identical device. This sequence is shown in Figure 11-14. 
to the start condition (SDA goes high-to-low while SCL ee SUR gs 

is high), but occurs after a data transfer acknowledge 

pulse (not the bus-free state). This allows a master to 


FIGURE 11-12: MASTER-TRANSMITTER SEQUENCE 
For 7-bit address: For 10-bit address: 


"“O" (write) data transferred 
(n bytes - acknowledge) 
A master transmitter addresses a slave receiver with a. 
7-bit address. The transfer direction is not changed. 


A = acknowledge (SDA low) 
=] From master to slave A =not acknowledge (SDA high) 
: S = START condition A master transmitter addresses a slave receiver with a 
[_] From slave tomaster P = STOP condition 10-bit address. 





FIGURE 11-13: MASTER-RECEIVER SEQUENCE 
For 7-bit address: For 10-bit address: 







data transferred 
(n bytes - acknowledge) 


(read) 


A master reads a slave immediately after the first byte. 


A = acknowledge (SDA low) 
| From masterto slave A = not acknowledge (SDA high) 


S = START condition A master transmitter addresses a slave receiver with a 
[| From slave tomaster P-=STOP condition 10-bit address. 





FIGURE 11-14: COMBINED FORMAT 


(read or write) 
(n bytes + acknowledge) 


| 3 ; Se 


(read) Sr = repeated (write) Direction of transfer 
START condition _May change at this point 
Transfer direction of data and acknowledgement bits depends on R/W bits. 


Combined Format: 


(write) 7 (read 


Combined format - A master addresses a slave with a 10-bit address, then transmits 
data to this slave and reads data from this slave. 


A = acknowledge (SDA low) 
1 From masterto slave A= not acknowledge (SDA high) 
S = START condition 


[| From slave to master P-=STOP condition © 








DS30390A-page 2-590 © 1995 Microchip Technology Inc. 


PIC16C7X 








11.2.4 MULTI-MASTER 


The I#C protocol allows a system to have more than 
one master. This is called multi-master. When two or 
more masters try to transfer data at the same time, 
arbitration and synchronization occur. 


11.2.4.1 ARBITRATION 


Arbitration takes place on the SDA line, while the SCL 
line is high. The master which transmits a high when 
the other master transmits a low loses arbitration (see 
Figure 11-15), and turns off its data output stage. A 
master which lost arbitration can generate clock pulses 
until the end of the data byte where it lost arbitration. 
When the master devices are addressing the same 
device, arbitration continues into the data. 


FIGURE 11-15: MULTI-MASTER 
ARBITRATION 
(2 MASTERS) 


transmitter 1 loses arbitration 
DATA 1 SDA 





Masters that also incorporate the slave function, and 
have lost arbitration must immediately switch over to 
slave-receiver mode. This is because the winning mas- 
ter-transmitter may be addressing it. 


Arbitration is not allowed between: 

e A repeated START condition 

e¢ A STOP condition and a data bit 

e Arepeated START condition and a STOP condi- 
tion 


Care needs to be taken to ensure that these conditions 
do not occur. 





11.2.4.2 Clock Synchronization 


Clock synchronization occurs after the devices have 
started arbitration. This is performed using a 
wired-AND connection to the SCL line. A high to low 
transition on the SCL line causes the concerned 
devices to start counting off their low period. Once a 
device clock has gone low, it will hold the SCL line low 
until its SCL high state is reached. The low to high tran- 
sition of this clock may not change the state of the SCL 
line, if another device clock is still within its low period. 
The SCL line is held low by the device with the longest 
low period. Devices with shorter low periods enter a 
high wait-state, until the SCL line comes high. When the 
SCL line comes high, all devices start counting off their 
high periods. The first device to complete its high period 
will pull the SCL line low. The SCL line high time is 
determined by the device with the shortest high period. 
This is shown in Figure 11-16. 


FIGURE 11-16: CLOCK SYNCHRONIZATION 


wait start counting 
state HIGH period 
ee ee 


RE SE ATI EF RT TE TS EP IS TT TE PS EP ET Ta TT AE SE RE TS EL TT IS ITE SCE EI SE TT EI TIP a EST ET I TIT ETD 
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11.3 SSP 12C Operation 


The SSP module in I2C mode fully implements all slave 
functions, and provides support in hardware to facilitate 
software implementations of the master functions. The 
SSP module implements the standard and fast mode 
specifications as well as 7-bit and 10-bit addressing. 
Two pins are used for data transfer. These are the 
RC3/SCK/SCL pin, which is the clock (SCL), and the 
RC4/SDI/SDA pin, which is the data (SDA). The user 
must configure these pins as inputs or outputs through 
the TRISC<4:3> bits. A block diagram of the SSP mod- 
ule in 12C mode is shown in Figure 11-17. The SSP 
module functions are enabled by setting the SSP 
Enable (SSPEN) bit (SSPCON<5>). 


FIGURE 11-17: SSP BLOCK DIAGRAM 
(I2?C MODE) 


Internal 


Addr_Match 


SSPADD 


Start and Set, Reset 


Stop bit detect S, P bits 
(SSPSTAT Reg) 





The SSP module has five registers for FC operation. 
These are the: 

e SSP Control Register (SSPCON) 

e SSP Status Register (SSPSTAT) 

e Serial Receive / Transmit Buffer (SSPBUF) 


e SSP Shift Register (SSPSR) - Not directly acces- 
sible 


e Address Register(SSPADD) 


The SSPCON register allows control of the I°C opera- 
tion. Four mode selection bits (SSPCON<3:0>) allows 
one of the following IC modes to be selected: 


° 12C Slave mode (7-bit address) 
° 12C Slave mode (10-bit address) 


¢ |2C Slave mode (7-bit address), with mas- 
ter-mode support enabled 


e |2C Slave mode (10-bit address), with mas- 
ter-mode support enabled 


e 12C Master mode, support enabled slave is idle 


Selection of any |?C mode and with the SSPEN bit set, 
forces the SCL and SDA pins to be open collector, pro- 
vided these pins are set to inputs through the TRISC 
bits. 


The SSPSTAT register gives the status of the data 
transfer. This information includes detection of a 
START or STOP bit, specifies if the received byte was 
data or address, if the next byte is the completion of 
10-bit address, and if this will be a read or write data 
transfer. The SSPSTAT register is read only. 


The SSPBUF is the register to which transfer data is 
written to or read from. The SSPSR register shifts the 
data in or out of the device. In receive operations, the 
SSPBUF and SSPSR create a doubled buffered 
receiver. This allows reception of the next byte before 
reading the last byte of received data. When the com- 
plete byte is received, it is transferred to the SSPBUF 
and the SSPIF is set. If another complete byte is 
received before the SSPBUF is read, a receiver over- 
flow has occurred and the SSPOV bit (SSPCON<6> is 
set. 7 


The SSPADD register holds the slave address. In 
10-bit mode, the user needs to write the high byte of the 
address (1111 0 A9 A8 0). Following the high byte 
address match, the low byte of the address needs to be 
loaded (A7 - AO). 
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11.3.1 SLAVE MODE 


In slave mode, the SCL and SDA pins must be config- 
ured as inputs (TRISC<4:3> set). The SSP module will 
override the input state with the output data when 
required (slave-transmitter). 


When an address is matched or the data transfer from 
an address match is received, the hardware automati- 
cally will generate the acknowledge (ACK) pulse, and 
then load the SSPBUF with the received value in the 
SSPSR. 


There are certain conditions that will cause the SSP 
module not to give this ACK pulse. These are if either 
(or both): 


e The Buffer Full (BF) bit was set before the transfer 
was received. 


e The Overflow (SSPOV) bit was set before the 
transfer was received. 


In this case, the SSPSR value is not loaded into the 
SSPBUF, but the SSPIF bit is set. Table 11-3 shows 
what happens when a data transfer byte is received, 
given the status of the BF and SSPOV bits. The shaded 
boxes shows the condition where user software did not 
properly clear the overflow condition. The BF flag is 
cleared by reading the SSPBUF register while the 
SSPOV bit is cleared through software. 


The SCL clock input must have a minimum high and 
low for proper operation. The high and low times of the 
I°C specification as well as the requirement of the SSP 
module is shown in timing parameter #100 and param- 
eter #101. 


TABLE 11-3: 


Status Bits as Data 
Transfer is Received 





11.3.1.1 ADDRESSING 


Once the SSP module has been enabled, The SSP 
waits for a START condition to occur. Following the 
START condition, the 8-bits are shifted into the SSPSR. 
All incoming bits are sampled with the rising edge of the 
clock (SCL) line. The SSPSR<7:1> is compared to the 
SSPADD register. The address is compared on the fall- 
ing edge of the eighth clock (SCL) pulse. If the 
addresses match, and the BF and SSPOV bits are 
clear, the following things happen: 


e SSPSR loaded into SSPBUF 

e Buffer Full (BF) bit is set 

e ACK pulse is generated 

e SSP Interrupt Flag (SSPIF) is set (interrupt is gen- 


erated if enabled) - on falling edge of ninth SCL 
pulse 


In 10-bit address mode, two address bytes need to be 
received by the slave (see Figure 11-9). The five Most 
Significant bits (MSbs) of the first address byte specify 
if this is a 10-bit address. The R/W bit (bit 0) must spec- 
ify a write, so the slave device will receive the second 
address byte. For a 10-bit address the first byte would 
equal‘1 111  0A9A8 0’, where AQ and A&8 are the 
two MSbs of the address. The sequence of events for 
10-bit address are as follows, with steps 7- 9 for 
slave-transmitter: 


1. Receive first (high) byte of Address (SSPIF, BF 
and UA are set) 

2. Update SSPADD with second (low) byte of 
Address (clears UA and releases SCL line) 

3. Read SSPBUF (clears BF) and clear SSPIF 


4. Receive second (low) byte of Address (SSPIF, 
BF and UA are set) 


5. Update SSPADD with first (high) byte of 
Address (clears UA, if match releases SCL line) 


6. Read SSPBUF (clears BF) and clear SSPIF 
7. Receive Repeated START condition 


8. Receive first (high) byte of Address (SSPIF and 
BF are set) 


9. Read SSPBUF (clears BF) and clear SSPIF 


DATA TRANSFER RECEIVED BYTE ACTIONS 


Set SSPIF bit 
(SSP Interrupt if 
Enabled) 
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11.3.12 RECEPTION 


When the R/W bit of the address byte is clear and an 
address match occurs, the R/W bit of the SSPSTAT 
register is cleared. The received address is loaded into 
the SSPBUF. 


When the address byte overflow condition exists then 
no acknowledge (ACK) pulse is given. An overflow con- 
dition is defined as either the BF bit (SSPSTAT<0>) is 
set or the SSPOV bit (SSPCON<6>) is set. 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and 
the SSPSTAT register is used to determine the status 
of the byte. 


FIGURE 11-18: 1?C WAVEFORMS FOR RECEPTION (7-BIT ADDRESS) 





Receiving Data Receiving Data 


| 
1 
SSPIF (PIR1<3>) \ Pus raed 
\ erminates 

‘| transfer 
| 
i 
| 


SSPIF (SSPSTAT<0O>) 


Cleared in software 
SSPBUF is read 
SSPOV (SSPCON<6>) 


SSPOV is set 
because SSPBUF is 
still full. ACK is not sent. 
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11.3.1.3 TRANSMISSION 


When the R/W bit of the address byte is set and an 
address match occurs, the R/W bit of the SSPSTAT 
register is set. The received address is loaded into the 
SSPBUF. The ACK pulse will be sent on the ninth bit, 
and the SCL pin is held low. The transmit data must be 
loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled 
by setting the CKP bit (SSPCON<4>). The eight data 
bits are shifted out on the falling edge of the SCL input. 
This ensures that the SDA signal is valid during the 
SCL high time (see Figure 11-19). 


A SSPIF interrupt is generated for each data transfer 
byte. The SSPIF bit must be cleared in software, and 
the SSPSTAT register is used to determine the status 
of the byte. The SSPIF bit is set on the falling edge of 
the ninth clock pulse. 


As a slave-transmitter, the ACK pulse from the mas- 
ter-receiver is latched on the rising edge of the ninth 
SCL input pulse. If the SDA line was high (not ACK), 
then the data transfer is complete. The slave then mon- 
itors for another occurrence of the START bit. If the 
SDA line was low (ACK), the transmit data must be 
loaded into the SSPBUF register, which also loads the 
SSPSR register. Then the SCL pin should be enabled 
by setting the CKP bit (SSPCON<4>). 


FIGURE 11-19: I?C WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS) 


roa - Receiving Address RW =1 


{ 
} 
4 
1--4 ! Data in 
; sampled 


SSPIF (PIR1<3>) 


BF (SSPSTAT<0>) 


CKP (SSPCON<4>) 





SCL held low 
while 
responds to SSPIF 


Transmitting Data ACK 


Cleared in software From SSPIF interrupt 
SSPBUF is written in software J Service routine 
t 


Set bit after writing to SSPBUF 
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11.3.2 MASTER MODE 


Master mode of operation is supported by interrupt 
generation on the detection of the START and STOP 
conditions. The STOP (P) and START (S) bits are 
cleared from a reset or when the SSP module is dis- 
abled. Control of the I@C bus may be taken when the P 
bit is set, or the bus is idle and both the S and P bits are 
cleared 


In master mode the SCL and SDA lines are manipu- 
lated by changing the corresponding TRISC<4:3> bit(s) 
to an output (cleared). The output level is always low, 
irrespective of the value(s) in PORTB<4:3>. So when 
transmitting data, a “1” data bit must have the 
TRISC<4> bit set (input) and a “0” data bit must have 
the TRISC<4> bit cleared (output). The same scenario 
is true for the SCL line with the TRISC<3> bit. 


The following events will cause the SSP Interrupt Flag 
(SSPIF) to be set (SSP Interrupt if enabled): 

e START condition 

e¢ STOP condition 

e Data transfer byte transmitted/received 

Master mode of operation can be done with either the 
slave mode idle (SSPM3 - SSPMO = 1011) or with the 
slave active. When both master and slave modes are 


enabled, the software needs to differentiate the 
source(s) of the interrupt. 


11.3.3. MULTI-MASTER MODE 


in multi-master mode, the interrupt generation on the 
detection of the START and STOP conditions allows the 
determination of when the bus is free. The STOP (P) 
and START (S) bits are cleared from a reset or when 
the SSP module is disabled. Control of the I?C bus may 
be taken when the P bit is set, or the bus is idle and both 
the S and P bits are cleared. When the bus is busy, 
enabling the SSP Interrupt will generate the interrupt 
when the stop condition occurs. 


In multi-master operation, the SDA line must be moni- 
tored to see if the signal level is the expected output 
level. This check only needs to be done when a high 
level is output. If a high level is expected and a low level 
is present, the device needs to release the SDA and 
SCL lines (set TRISC<4:3>). There are two stages 
where this arbitration can be lost, these are: 


e Address Transfer 
e Data Transfer 


When the slave logic is enabled, the slave continues to 
receive. If arbitration was lost during the address trans- 
fer stage, the device may be being addressed. If 
addressed an ACK pulse will be generated. If arbitra- 
tion was lost during the data transfer stage, the device 
will need to re-transfer the data at a later time. 


TABLE 11-4: REGISTERS ASSOCIATED WITH I2C OPERATION 









Actress [Wane [BH 


0Ch 


PIR1 


th 


D/A 


ah [SSPSTAT_ 


Legend: — = Unimplemented locations, Read as '0'. 





Note 1: Shaded boxes are not used by the SSP module in I@C mode. 


Tt This bit is reserved on the PIC16C73. 






SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register 
DSSPADD | Synchronous Serial Port (I2C mode) Address Register 
94h 


| 14h | SSPCON woo. | sspov | SSPEN SSPM3 SSPM2 SSPM1 SSPMO0 










te 
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FIGURE 11-20: OPERATION OF THE I?C MODULE IN IDLE_MODE, RCV_MODE OR XMIT_MODE 


IDLE_MODE (7-bit): 
if (Addr_match) { Set interrupt; 
if(RAW=1) { Send ACK = 0; 
set XMIT_MODE; 
} 
else if (R/W = 0) set RCV_MODE; 
} 


RCV_MODE: 
if (SSPBUF=Full) OR (SSPOV = 1)) 
{ Set SSPOV; 
Do not acknowledge; 
else { transfer SSPSR —+ SSPBUF; 


send ACK = 0; 





} 
Receive 8-bits in SSPSR; 


Set interrupt; 
XMIT_MODE: 
While ((SSPBUF = Empty) AND (CKP=0)) Hold SCL Low; 
Send byte; 
Set interrupt; 
if (ACK Received = 1) { End of transmission; 
Go back to IDLE_MODE; 
} 
else if (ACK Received = 0) Go back to XMIT_MODE; 
IDLE_MODE (10-Bit): 
If (High_byte_addr_match AND (R/W = 0)) 
{ PRIOR_ADDR_MATCH = FALSE; 
Set interrupt; 
if (SSPBUF = Full) OR ((SSPOV = 1)) 
{ Set SSPOV; 
Do not acknowledge; 
} 
{ Set UA = 1; 
Send ACK = 0; 
While (SSPADD not updated) Hold SCL low; 
Clear UA = 0; 
Receive Low_addr_byte; 
Set interrupt; 
Set UA = 1; 
If (Low_byte_addr_match) 
{ PRIOR_ADDR_MATCH = TRUE; 
Send ACK = 0; 
while (SSPADD not updated) Hold SCL low; 
Clear UA = 0; 


Set RCV_MODE; 


} 
else if (High_byte_addr_match AND (R/W = 1) 
{ if (PRIOR_ADDR_MATCH) 
{ send ACK = 0; 
set XMIT_MODE; 


} 
else PRIOR_ADDR_MATCH = FALSE; 


} 








Pee Ea AD A ae Na) ES aR ie Sn IU ah i a Ta AE NO Re Maa Na tN we a a Ng OE a a a An 
© 1995 Microchip Technology Inc. DS30390A-page 2-597 


PIC16C7X 





NOTES: 
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12.0 SERIAL COMMUNICATION 
INTERFACE (SCI) MODULE 


The Serial Communication Interface (SCI) module, 
available in the PIC16C74 and PIC16C73 only, is one 
of the two serial I/O modules. The SCI can be config- 
ured as a full duplex asynchronous system that can 
communicate with peripheral devices such as CRT ter- 
minals and personal computers, or it can be configured 
as a half duplex synchronous system that can commu- 


nicate with peripheral devices such as A/D or D/A inte- 
grated circuits, Serial EEPROMs etc. The SCI can be 
configured in the following modes: 

e Asynchronous (full duplex) 

¢ Synchronous - Master (half duplex) 

¢ Synchronous - Slave (half duplex) 

The SPEN (RCSTA<7>) bit has to be set in order to 


configure RC6 and RC7 as the Serial Communication 
Interface. 


FIGURE 12-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER 


RW RW RW 


VU! R/W 
CSRC | TX8/9 | TXEN eae — BRGH 


bit7 


TXD8 Register: | TXSTA | W:Writable 
Address: 98h | R: Readable 
bitO POR value: 02h | U: Unimplemented, read as ‘0’ 


TXD8: 9th bit of transmit data, can be the 
calculated parity 


TRMT: Transmit shift register (TSR) empty 
1 = TSR empty 
0 =TSR full 


BRGH: High baud ale select bit 
As 

1 = High speed 

0 = Low speed 


Synchronous mode; 


Unused 


Unimplemented, read as ‘0’. 


SYNC: SCI mode bit 


This bit selects between synchronous and 
asynchronous mode of operation. 

1 = Synchronous mode 

0 = Asynchronous mode 


TXEN: Transmit Enable bit 
1 = Transmit enabled 


O = Transmit disabled 
SREN/CREN overrides TXEN in SYNC mode 


TX8/9: Transmit Data Length bit 
1 = Selects 9-bit transmission 
0 = Selects 8-bit transmission 


CSRC: Clock Source Select bit 

Synchronous mode: 

1 = Master Mode (Clock generated intemally 
from BRG) 

0 = Slave mode (Clock from extemal source) 

Asynchronous mode: 

Don't care. 
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FIGURE 12-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER 


RW RW RW. OR R 
spen | RCA | SREN | CREN | = FERR 
bit7 





TABLE 12-1: BAUD RATE FORMULA 











ary in SPBRG (0 to 255) 


12.1 Ci Baud Rat nerator (BR 


The BRG supports both the Asynchronous and Syn- 
chronous modes of the SCI. It is a dedicated 8-bit baud 
rate generator. The SPBRG register controls the period 
of afree running 8-bit timer. In asynchronous mode the 
BRGH (TXSTA<2>) also controls the baud rate. In syn- 
chronous mode BRGH is ignored. Table 12-1 shows 


_ BRGH=0 (Low Speed) BRGH=1 (High Speed) 
(Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate= yaa eae 
(Synchronous) Baud Rate = Fosc/(4(X+1)) 





R 


Register: RCSTA |W: Writable 
eeu | nce Address: 18h |R: Readable 
bit0 * |POR value: 0000-00x {U: Unimplemented, read as ‘0’ 


RCD8: 9th bit of receive data, can be parity bit 


OERR: Overrun Error bit. 
1 = Overrun. cleared by clearing CREN 


0 = No overrun error 


FEAR: Framing Error bit. 
1 = Framing error. Updated by reading RCREG. 
0 = No framing error 


Unimplemented, read as ‘0’. 


CREN: Continuous Receive Enable bit 
n : 

1 = Enables reception 

0 = Disables reception 


1 = Enables continuous reception until CREN is 
cleared CREN overrides SREN. 
0 = Disables continuous reception 


SREN: Single Herelve Enable bit. 
ron 
1 = Enable reception. 
0 = Disables reception 
Note: This bit is ignored in synchronous slave 
reception. 
SREN is cleared after reception is complete. 


Don't care 


RC8/9: Receive Data Length bit 
1 = Selects 9-bit reception. 
0 = Selects 8-bit reception. 


SPEN: Serial Port Enable bit 

1 = Configures RC7/RX/DT and RCG6/TX/CK pins as 
serial port pins. 

0 = Serial port disabied. 











the formula for computation of the baud rate for different 
SCI modes which only apply in master mode (internal 
clock). 


Given the desired baud rate and Fosc, the nearest inte- 
ger value for SPBRG can be calculated using the for- 
mula in Table 12-1. From this, the error in baud rate can 
be determined. 
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Example 12-1 shows the calculation of the baud rate It may be advantageous to use the high baud rate 
error for the following conditions: (BRGH = 1) even for slower baud clocks. This is 
Fosc = 16 MHz because the Fosc/(16(x + 1)) equation can reduce the 


Desired Baud Rate = 9600 baud rate error in some cases. 


BRGH =0 Writing a new value to the SPREG, causes the BRG 
SYNC =0 timer to be reset (or cleared), this guarantees that the 
~ BRG does not wait for a timer overflow before output- 


ting th baud rate. 
EXAMPLE 12-1: CALCULATING BAUD po een nee taer tte 


RATE ERROR 
Desired Baud rate=Fosc / (64 (X + 1)) 
9600 16000000 /(64 (X + 1)) 
X 25.042] = 25 
Calculated Baud Rate=16000000 / (64 (25 + 1)) 
9615 


Error : 
Desired Baud Rate 


(9615 - 9600) / 9600 
0.16% 


TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR 


fete eee Mee Bite Aa Rr Ml eee ee ee, 
| Ox98h =| TXSTA | EN | SYNC | "SRM Tkbe 


nen eA = Rate Register | las tits 


TABLE 12-3: BAUD RATES FOR SYNCHRONOUS MODE 


spprg |'OMHZ spare |OMH4 spBr@ |” 1S909MH2 SPBRG 


value value value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 





FOSC = 5.0688MHZ SPBRG 3.579545MHZ . SPBRG 


value value value 
KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) | KBAUD %ERROR (decimal) 


+1.14 
-2.48 
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TABLE 12-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH=0) - 


FOSC = 20MHZ 16MHZ 


SPBRG 
value - 
%ERROR (decimal) 


KBAUD KBAUD 


Fosc = 5.0688MHZ SPBRG 


value 
KBAUD %ERROR (decimal) | KBAUD 


SPBRG 
value 
%ERROR (decimal) 


+0.16 
+0.16 
-1.36 


KBAUD KBAUD 


19.230 
37.878 
56.818 -1.36 
113.636 -1.36 
250 0 
625 0 


Fosc = 5.068MHZ SPBRG 


value 
%ERROR (decimal) 


9.727 
18.643 
37.286 
55.930 

111.860 
223.721 
NA 
NA 





spare |'OMMZ 


value 
%ERROR (decimal) 


3.579545MHZ 


SPBRG 
value 


%ERROR (decimal) | KBAUD 


0.300 
1.202 


SPBRG 


value 
%ERROR (decimal) | KBAUD 


KBAUD 


8.928 
20.833 


KBAUD %ERROR (decimal) 


value 
%ERROR (decimal) 


SPBRG 7.15909MHZ 


value 


SPBRG 
value 


KBAUD %ERROR (decimal) 


_ 40.16 


+1.73 
— £+1.73 | 


32.768KHZ  spprG 
value 
%ERROR (decimal) 


%ERROR (decimal) | KBAUD 


+0.16 
+0.16 
-6.99 


SPBRG SPBRG 


value 
KBAUD %ERROR (decimal) 


32.768KHZ SPBRG 


value 
%ERROR (decimal) 


value 
%ERROR (decimal) 


-6.99 
+8.51 
-18.61 
+8.51 


KBAUD 
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12.1.1 SAMPLING : rates), the sampling is done on the 3 clock edges pre- 
— ceding the second rising edge after the first falling edge 


majority detect circuit to determine if a high or a low 
level is present at the RX pin. lf BRGH is clear (i.e., at 
the low baud rates), the sampling is done on the sev- 
enth, eighth and ninth falling edges of a 16x clock (see 
Figure 12-3). lf BRGH is set (i.e., at the high baud 


FIGURE 12-3: RX PIN SAMPLING SCHEME (BRGH=0) 


START BIT 
RX pin BIT O 


De ST g(a ge, eee ee rn a —#+— ‘Baud clk for all but start bit 






baud clk 


rc aoe Oe iO a Fa 


1 2 3 4 5 6 c: 3. 9 10 11 12 #13 #14 #15 146 1 2 


tT | 


Samples 


FIGURE 12-4: RX PIN SAMPLING SCHEME (BRGH=1) 


RX pin 
baud clk nee AR | eae | | Sees 


First falling edge after RX pin goes low 


Second rising edge 
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FIGURE 12-5: RX PINSAMPLING SCHEME (BRGH=1) 
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12.2 SCI Asynchronous Mode » 


In this mode, the SCI used standard nonreturn-to-zero 
(NRZ) format (one start bit, eight or nine data bits and 
one stop bit). The most common data format is 8-bits. 
An on-chip dedicated 8-bit baud rate generator can be 
used to derive standard baud rate frequencies from the 
oscillator. The SCI transmits and receives the LSB bit 
first. The SCl’s transmitter and receiver are functionally 
independent but use the same data format and baud 
rate. The baud rate generator produces a clock either 
16x or 64x of the bit shift rate, depending on the BRGH 
(TXSTA<2>) bit. Parity is not supported by the hard- 
ware, but can be implemented in software (and stored 
as the ninth data bit). Asynchronous mode is stopped 
during SLEEP. 


The asynchronous mode is selected by resetting the 
SYNC bit (TXSTA<4>). 


The SCI Asynchronous module consists of the follow- 
ing important elements: 

e Baud Rate Generator 

e¢ Sampling Circuit 

e Asynchronous Transmitter 

e Asynchronous Receiver 


12.2.1 SClASYNCHRONOUS TRANSMITTER 


The SCI transmitter block diagram is shown in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer (TXREG). The 


TXREG is loaded with data in software. The TSR is not — 


loaded until the stop bit has been transmitted from the 
previous load. As soon as the stop bit is transmitted, the 
TSR is loaded with new data from the TXREG (if avail- 
able). Once the TXREG transfers the data to the TSR 
(occurs in one TcyY), the TXREG is empty and a inter- 
rupt bit, TXIF (PIR1<4>) is set. This interrupt can be 





INTERRUPT 


FIGURE 12-6: BLOCK DIAGRAM FOR SCI TRANSMIT 


enabled or disabled by the TXIE bit ( PIE1<4>). TXIF 


_ will be set regardless of TXIE and cannot be reset in 


software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicated the status of the 
TXREG, another bit TRMT(TXSTA<1>) shows the sta- 
tus of the TSR. TRMT is a read only bit which is set 
when the TSR is empty. No interrupt logic is tied to this 
bit, so the user has to poll this bit in order to determine 
if the TSR is empty. 





Transmission is enabled by setting the TXEN 
(TXSTA<5>) bit. The actual transmission will not occur 
until the TXREG has been loaded with data and the 
baud rate generator (BRG) has produced a shift clock 
(Figure 12-6). The transmission can also be started by 
first loading the TXREG and then setting TXEN. Nor- 
mally when transmission is first started, the TSR is 
empty, so a transfer to TXREG will result in an immedi- 
ate transfer to TSR resulting in an empty TXREG. A 
back-to-back transfer is thus possible (Figure 12-8). 
Clearing TXEN during a transmission, will cause the 
transmission to be aborted and will reset the transmitter 
as a result the TX pin will revert to hi-impedance. 


In order to select 9-bit transmission, the TX8/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to the TXD8(TXSTA<0>). The ninth bit must 
be written before writing the 8-bit data to the TXREG. 
This is because a data write to the TXREG can result in 
an immediate transfer of the data to the TSR (if the TSR 
is empty). In such a case, an incorrect ninth data bit 
maybe loaded in the TSR. 


PIN BUFFER 
AND CONTROL 
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Steps to follow when setting up a Asynchronous Trans- e lf 9-bit transmission is desired, then TX8/9 bit 
mission: should be set. 
¢ Initialize the SPBRG register for the appropri- ¢ Enable the transmission by setting TXEN. 
ate baud rate. If a high speed baud rate is e If 9-bit transmission is selected, the ninth bit 
desired, set BRGH to 1. See Section 12.1600 should be loaded in TXD8. 
for details. é 


Load data to the TXREG (starts transmis- 
e Enable the asynchronous serial port by con- sion). 
figuring the bits SYNC = 0 and SPEN = 1. 


e If interrupts are desired, then the TXIE bit 
should be set. 


FIGURE 12-7: ASYNCHRONOUS MASTER TRANSMISSION 


Write to TXREG oo J 
Word 1 


fe) 
BRG output : 
(shift clock) nics San aia fies ee 
TX (pin) 
Start Bit <  Bit1 > SCRE, 7/8 C Bit7/8 Stop Bit 


TXIF bit ; 
(Transmit buffer 


TRMT bit 


(Transmit shift Transmit Shift Reg 


cee) Pa onneeamens 


Write to TXREG Se a ee re ee ee 
Word 1 


BRG output 


(shift clock) ia tps. fe 11 t 
TX (pin . 
TXIF bit sie Start Bit_<~ Bio __<__Biti_x<_Jf_> 3S CRITE 7Siop Bit Ste" Bit Start Bit 


(interrupt reg. flag) _——_—_—_—_—_—_————. WORD 1 ——_———— 


TRMT bit WORD 1 —— WORD 2 . 
(Transmit shift Transmit Shift Reg. Transmit Shift Reg. 


reg. empty flag) 


Note: This timing diagram shows two consecutive transmissions. 





TABLE 12-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION 


Ps 


oon fra 
ih iTxREG | 1x7 _| 


en 





ead TXSTA | | Txe9 | TXEN | SYNC | 
| 99h |SPBRG__ | Baud Rate Register 
t This bit is reserved on the PIC16C73. 
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12.2.2 SClASYNCHRONOUS RECEIVER 


The receiver block diagram is shown in Figure 12-9. 
The data comes in the RX pin and drives the data 
recovery block. The data recovery block is actually a 
high speed shifter operating at 16 times the baud rate, 
whereas the main receive serial shifter operates at the 
bit rate or at Fosc. 


Once the asynchronous mode is selected, reception is 
enabled by setting CREN(RCSTA<4>). 


The heart of the receiver is the receive (serial) shift reg- 
ister (RSR). After sampling the stop bit, the received 
data in the RSR is transferred to the RCREG (if it is 
empty). If the transfer is complete, the interrupt bit RCIF 
(PIR1<5>) is set. The actual interrupt can be enabled or 
_ disabled by the RCIE(PIE1<5>) bit. The RCIF is a read 
only bit which is reset by the hardware. It is cleared 
when the RCREG has been read and is empty. The 
RCREG is a double buffered register, i.e. it is a two 


FIGURE 12-9: BLOCK DIAGRAM FOR SCI RECEIVE 


64X/16X BAUD RATE CLK 
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FIGURE 12-10: ASYNCHRONOUS RECEPTION 


Men) BO) BELY SS H8/ 


Rev shift 


reg FS 
Rev buffer reg. 
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RCREG . RCREG 


Read Rev 
buffer reg $4 ___—__4 
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deep FIFO. It is possible for two bytes of data to be 
received and transferred to the RCREG FIFO and a 
third byte begin shifting to the RSR. On the detection of 
the stop bit of:the third byte, if the RCREG is still full 
then the overrun error bit, OERR (RCSTA<1>) will be 
set. The word in the RSR will be lost. The RCREG can 
be read twice to retrieve the two bytes in the FIFO. The 
OERR bit has to be cleared in software and this is done 
by resetting the receive logic (CREN is cleared and 
then set ). If the OERR is set, transfers from the RSR to 
the RCREG are inhibited, so it is essential to clear the 
OERR if it is set. The framing error bit FERR 
(RCSTA<2>) is set if a stop bit is detected as a 0. The 
FERR and the 9th receive bit are buffered the same 
way as the receive data. Reading the RCREG, will load 
the RCD8 and the FERR with new values, therefore it is 
essential for the user to read the RCSTA register before 
reading RCREG in order not to lose the old FERR and 
RCD8 information. 


8 


DATA BUS 


3 word of | : 
a? 


RCIF , | I aca : 
(interrupt flag) . 


OERR bit ee ee 


Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word, 
causing the OERR (overrun) bit to be set. 
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Steps to follow when setting up a Asynchronous 


The RCIF bit will be set when reception is 


Reception: complete and an interrupt will be generated if 

° Initialize the SPBRG register for the appropri- | the RCIE bit were set. ee 
ate baud rate. If a high speed baud rate is ¢ Read the RCSTA to get the ninth bit (if 
desired, set BRGH. See Section 12.1600 for enabled) and determine if any error occurred 
details. during reception. 

e Enable the asynchronous serial port by con- e Read the 8-bit received data by reading the 
figuring the SYNC = 0 and SPEN = 1. RCREG. 

e If interrupts are desired, then the RCIE bit * If any error occurred, clear the error by clear- 
should be set. ing CREN. 


if 9-bit reception Is desired, then RX8/9-bit 
should be set. 


e Enable the reception by setting CREN. 





TABLE 12-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION 


ee ee 


PPSP 


Ox8Ch_ | PIE1 


0x98h TXSTA 
0x99h Baud Rate Register 
t This bit is reserved on the PIC16C73. 
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12.3. SCI Synchronous Master Mode 


In Master Synchronous mode the data is transmitted in 
a half-duplex manner i.e. transmission and reception do 
not occur at the same time, when transmitting data, the 
reception is inhibited and vice versa. The synchronous 
mode is entered by setting the SYNC (TXSTA<4>) bit. 
In addition the SPEN (RCSTA<7>) bit is set in order to 
configure the RC6 and RC7 I/O ports to CK (clock) and 
DT (data) lines respectively. The Master mode indicates 
that the processor transmits the master clock on the CK 
line. The Master mode is entered by setting the CSRC 
(TXSTA<7>) bit. 


12.3.1. SCISYNCHRONOUS MASTER 
TRANSMISSION 


The SCI transmitter block diagram is shown in 
Figure 12-6. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer TXREG. The 
TXREG is loaded with data in software. The TSR is not 
loaded until the last bit has been transmitted from the 
previous load. As soon as the last bit is transmitted, the 
TSR is loaded with new data from the TXREG (if avail- 
able). Once the TXREG transfers the data to the TSR 
(occurs in one Tcycle), the TXREG is empty and a inter- 
rupt bit, TXIF (PIR1<4>) is set. This interrupt can be 
enabled or disabled by the TXIE bit ( PIE1<4>). TXIF 
will be set regardless of TXIE and cannot be cleared in 
software. It will reset only when new data is loaded into 
the TXREG. While TXIF indicates the status of the 
TXREG, another bit TRMT(TXSTA<1>) shows the sta- 
tus of the TSR. TRMT is a read only bit which is set 
when the TSR is empty. No interrupt logic is tied to this 
bit, so the user has to poll this bit in order to determine 
if the TSR is empty. The TSR is not mapped in data 
memory so it is not available to the user. 


Transmission is enabled by setting the TXEN 
(TXSTA<5>) bit. The actual transmission will not occur 
until the TXREG has been loaded with data. The first 
data bit will be shifted out on the next available rising 
edge of the clock on CK. Data out is stable around the 
falling edge of the synchronous clock (Figure 12-11). 
The transmission can also be started by first loading 
the TXREG and then setting TXEN. This is advanta- 
geous when slow baud rates are selected, since the 
BRG is kept in reset when TXEN=CREN=SREN = 0. 
Setting the TXEN bit will start the BRG, creating a shift 
clock immediately. Normally when transmission is first 
started, the TSR is empty, so a transfer to TXREG will 
result in an immediate transfer to TSR resulting in an 
empty TXREG. Back-to-back transfers are possible. 


Clearing TXEN during a transmission, will cause the 
transmission to be aborted and will reset the transmit- 
ter. The DT and CK pins will revert to hi-impedance. If 
either CREN or SREN are set, during a transmission, 
the transmission is aborted and the DT pin reverts toa 
hi-impedance state (for a reception). The CK pin will 
remain an output if CSRC=1 (internal clock). The trans- 


mitter logic however is not reset although it is discon- 
nected from the pins. In order to reset the transmitter, 
the user has to clear TXEN. If the SREN bit is set (to 
interrupt an on going transmission and receive a single 
word), then after the single word is received, the SREN 
will = 0 and the serial port will revert back to transmitting 
since the TXEN bit is still set. The DT line will immedi- 
ately switch from hi-impedance receive mode to trans- 
mit and start driving. To avoid this, TXEN should be 
cleared. ne 


In order to select 9-bit transmission, the TX8/9 
(TXSTA<6>) bit should be set and the ninth bit should 
be written to TXD8(TXSTA<0>). The ninth bit must be 
written before writing the 8-bit data to the TXREG. This 
is because a data write to the TXREG can result in an 
immediate transfer of the data to the TSR (if the TSR is 
empty). If the TSR was empty and the TXREG was writ- 
ten before writing the “new” TXD8, the “present” value 
of TXD8 is loaded. _ 


Steps to follow when setting up a Synchronous Master 
Transmission: 


Initialize the SPBRG register for the appropri- 
ate baud rate (see Section 12.1600 for 
details) 

Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 1. 

If interrupts are desired, then the TXIE bit 
should be set. 

If 9-bit transmission is desired, then TX8/9-bit 
should be set. 

e Enable the transmission by setting TXEN 
to 1. 

If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

Start transmission by loading data to the 
TXREG. 
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TABLE 12-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION 










och [pint __ BS xr 
‘eh 
Ea 
[seh —[epene [Baud RaioRegsieo 


t This bit is reserved on the PIC16C73. 

















FIGURE 12-11: SYNCHRONOUS TRANSMISSION 
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FIGURE 12-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN) 
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12.3.2 SCISYNCHRONOUS MASTER 
RECEPTION 


Once the synchronous mode is ; selected, reception is 
enabled by setting either the SREN(RCSTA<5>) bit or 
the CREN(RCSTA<4>). Data is sampled on the DT pin 
on the falling edge of the clock. If SREN is set, then only 
a single word is received, if CREN is set, the reception 
is continuous until CREN is reset. If both the bit are set 
then CREN takes precedence. After clocking the last 
bit, the received data in the Receive Shift Regis- 
ter(RSR) is transferred to the RCREG (if it is empty). If 
the transfer is complete, the interrupt bit RCIF 
(PIR1<5>) is set. The actual interrupt can be enabled or 
disabled by the RCIE(PIE1<5>) bit. The RCIF is a read 
only bit which is reset by the hardware. In this case it is 
reset when the RCREG has been read and is empty. 
The RCREG is a double buffered register, i.e. it is a two 
deep FIFO. It is possible for two bytes of data to be 
received and transferred to the RCREG FIFO and a 
third byte to begin shifting into the RSR. On the clocking 
of the last bit of the third byte, if the RCREG is still full 
then the overrun error bit, OERR (RCSTA<1>) is set. 
The word in the RSR will be lost. The RCREG can be 
read twice to retrieve the two bytes in the FIFO. The 
OERR bit has to be cleared in software and this is done 
by clearing CREN. If the OERR is set, transfers from 
the RSR to the RCREG are inhibited, so it is essential 
to clear the OERR if it is set. The 9th receive bit is buff- 
ered the same way as the receive data. Reading the 


TABLE 12-9: 















ser [rare | cane 







t This bit is reserved on the PIC16C73. 


RCIE 


RCREG,, will load the RCD8 with a new value, therefore 
it is essential for the user to read the RCSTA register 
before reading RCREG in order not to lose the old 
RCD8 information. 


Steps to follow when setting up a Synchronous Master 
Reception: 

¢ Initialize the SPBRG register for the appropri- 
ate baud rate. See section 12.1 for details. 
Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 1. 
e CREN= SREN =0 
If interrupts are desired, then the RXIE bit 
should be set. 
If 9-bit reception is desired, then RX8/9-bit 
should be set. 
If a single reception is required, set SREN. 
For continuous reception set CREN. 
¢ The RCIF bit will be set when reception is 
complete and an interrupt will be generated if 
the RCIE bit were set. 
Read the RCSTA to get the ninth bit (if 
enabled) and determine if any error occurred 
during reception. 
Read the 8-bit received data by reading the 
RCREG. 


If any error occured, clear the error by clear- 
ing CREN. 


Beeler ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION 
fan [Name | OH? | Ohe | BEE [BHA | ons | ox? | out [BAO 
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FIGURE 12-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 
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Note: Timing diagram demonstrates SYNC master mode with SREN = 1 and BRG = 0. 
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12.4 1 Synchron lave Mod 


The synchronous slave mode differs from the master 
mode in the fact that the shift clock is supplied exter- 
nally at the CK pin (instead of being supplied internally 
in the master mode). This allows the device to transfer 
or receive data in the SLEEP mode. The slave mode is 
entered by clearing the CSRC(TXSTA<7>) bit. 


12.4.1 SCISYNCHRONOUS SLAVE TRANSMIT 


The operation of the sync master and slave modes are 
identical except in the case of the SLEEP mode. 


If two words are written to the TXREG and then the 
SLEEP instruction executed, the following will occur. 
The first word will immediately transfer to the TSR and 
transmit. The second word will remain in TXREG. The 
TXIF will not be set. When the first word has been 
shifted out of TSR, the TXREG will transfer the second 
word to the TSR and the TXIF flag will now be set. If the 
TXIE ts enabled, the interrupt will wake the chip from 
SLEEP and if the global interrupt is enabled, then the 
program will branch to the interrupt vector (0004h). 


Steps to follow when setting up a Synchronous Slave 
Transmission: 


e Enable the synchronous slave serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 0. 

e Make CREN = SREN =0 

If interrupts are desired, then the TXIE bit 

should be set. 

e If 9-bit transmission is desired, then TX8/9-bit 
should be set. 

e Enable the transmission by setting TXEN to 1. 

e lf 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 


¢ Start transmission by loading data to the 
TXREG. 


12.4.2 SCl SYNCHRONOUS SLAVE RECEPTION 


The operation of the synchronous master and slave 
modes is identical except in the case of the SLEEP 
mode. Also, SREN is a don't care in slave mode. 


If receive is enabled (CREN) prior to the SLEEP 
instruction, then a word may be received during SLEEP. 
On completely receiving the word, the RSR will transfer 
the data to the RCREG and if the RCIE bit is set, the 
interrupt generated will wake the chip from SLEEP. If 
the global interrupt is enabled, the program will branch 
to the interrupt vector (0004h). 


Steps to follow when setting up a Synchronous Slave 
Reception: 

e Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 0. 

If interrupts are desired, then the RCIE bit 

should be set. 

If 9-bit reception is desired, then RX8/9-bit 

should be set. 

To enable reception, set CREN = 1. 

The RCIF bit will be set when reception is 

complete and an interrupt will be generated if 

the RCIE bit were set. 

Read the RCSTA to get the ninth bit (if 

enabled) and determine if any error occurred 

during reception. 

Read the 8-bit received data by reading the 

RCREG. 

e |f any error occurred, clear the error by clear- 
ing CREN. 


TABLE 12-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION 


cn — [re — 


ee 8h [RCSTA |  SPEN | coe N 


19h 


CREN 
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t This bit is reserved on the PIC16C73. 
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TABLE 12-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION 
ar eine ee 
| och [pre (or 
i 
tee ett Es 
aa Baud Rate Register | 


t This bit is reserved on the PIC16C73. 
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13.0 ANALOG-TO-DIGITAL 
CONVERTER (A/D) MODULE 


The analog-to-digital converter (A/D) allows conversion 
of an analog input signal to a corresponding 8-bit digital 
number (refer to Application Note AN546 for use of A/D 
Converter). The A/D module has eight analog inputs for 
the PIC16C74, five for the PIC16C73 and four for the 
PIC16C71, which are multiplexed into one sample and 
hold. The output of the sample and hold is the input into 
the converter, which generates the result via succes- 
sive approximation. The analog reference voltage is 
software selectable to either the device’s positive sup- 
ply voltage (VDD) or the voltage level on the 
RA3/AN3/VREF pin. The A/D converter has a unique 
feature of being able to operate while the device is in 
SLEEP mode. 


FIGURE 13-1: 


The A/D module has three registers. These registers 
are: 

e A/D result register (ADRES) 

e¢ A/D control register 0 (ADCONO) 

e A/D control register 1 (ADCON1) 
The ADCONO register, shown in Figure 13-1 and 
Figure 13-2, controls the operation of the A/D module. 
The ADCONT1 register, shown in Figure 13-3 and 
Figure 13-4, configures the functions of the port pins. 
The port pins can be configured as analog inputs (RA3 
can also be a voltage reference) or as digital I/O. 


ADCONO REGISTER FOR PIC16C74 AND PIC16C73 ONLY 





RAV R/W RW U RW 


bit7 bitO 


Register: 
Address: 
POR value: 


ADCONO!W: Writable bit 
1Fh |R: Readable bit 
00h |U: Unimplemented, read as ‘0’ 


t Not available in PIC16C73 


ADON: A/D on bit 

1 = A/D converter module is operating. 

0= A/D converter module is shut off and consumes no oper- 
ating current. 


Reserved. 


GO/DONE: A/D conversion status bit. 

if ADON = 1 

1 = A/D conversion is progress. Setting this bit starts an A/D 
conversion. 

0= A/D conversion not in progress / completed. This bit is 
automatically cleared by hardware when the A/D conver- 
sion is completed. 

lf ADON = 0 

This bit is forced to zero. 


CHS <2:0>: Analog channel select. 
000 = channel 0 (RAO/ANO) 

001 = channel 1 (RA1/AN1) 

010 = channel 2 (RA2/AN2) 

011 = channel 3 (RA3/AN3/VREF) 
100 = channel 4 (RA5/AN4) 

101 = channel 5 (REO/ANS5)T 

110 = channel 6 (RE1/AN6 Tf 

111 = channel 7 (RE2/AN7) tT 


ADCS<1:0>: A/D conversion clock select. 

00 = Fosc/2 

01 = Fosc/8 

10 = Fosc/32 

11 = FRc (clock is derived from an RC oscillator) 
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FIGURE 13-2: ADCONO REGISTER FOR PICt 6C71 ONLY 


RWW R/W RAW RW. R/W 


Address:1 Fh | R: Readable bit 


bit7 bito | POR value: 00h | U: Unimplemented, read as ‘0’ 


ADON: A/D on bit 

1 = A/D converter module is operating. 

0 = A/D converter module is shut off and consumes no oper- 
ating current. 


ADIF: A/D conversion complete interrupt flag bit. 
Set when conversion is completed. Reset in sollwals: 


GO/DONE: A/D conversion status bit. 

lf ADON = 1 . | 

1 = A/D conversion is progress. Setting this bit starts an 
A/D conversion. 

0 = A/Dconversion not in progress / completed. This bit is 
automatically cleared by hardware when the A/D . 
conversion is completed. 

lf ADON = 0 

This bit is forced to zero. 


CHS <1:0>: Analog channel select. 
00 = channel 0 (RAO/ANO) 

01 = channel 1 (RA1/AN1) 

10 = channel 2 (RA2/AN2) 

11 = channel 3 (RA3/AN3/VREF) 


Reserved; can be used as a general purpose 
read/write bit, but not recommended for upward 
compatibility. 


ADCS<1:0>: A/D conversion clock select. 

00 = Fosc/2 

01 = Fosc/8 

10 = Fosc/32 

11 = Frc (clock is derived from an RC oscillator) 
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FIGURE 13-3: ADCON1 REGISTER FOR PIC16C74 AND PIC16C73 ONLY 

U UU U UR 
se | teete  See | ely sees Re 
it7 


WwW RIW R/W | 
FG2|PCFEG1|PCFGO Register; ADCON1|W: Writable 
Address: 9Fh|}R: Readable 
b a bitO | POR value: 00h | U: Unimplemented, read as ‘0’ 
PCFG<2:0>: A/D port configuration bits. 


These bits configure the analog port pins to the 
various modes of operation. 








A = Analog input 
D = Digital input/output depending on corresponding TRIS bit 


FIGURE 13-4: ADCON1 REGISTER FOR PIC16C71 ONLY 






U U U OCU U U R/AW R/W 
eS ele es — |PCFG1)/PCFGO Register: ADCON1|W: Writable 
: : Readable 
bit7 bitO | POR value: : Unimplemented, read as ‘0’ 


PCFG<1:0>: A/D port configuration bits. 
These bits configure the analog port pins to the 
various modes of operation. 





A = Analog input 
D = Digital input/output depending on corresponding TRIS bit 
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The ADRES register contains the result of the A/D con- 
version. When the A/D conversion is completed, the 
result is loaded into the ADRES, the GO/DONE bit 
(ADCONO<2>) is cleared, and the A/D interrupt flag 
(ADIF) is set. The block diagrams of the A/D module are 
shown in Figure 13-5 and Figure 13-6. 


After the A/D module has been configured as desired, 
the selected channel must be sampled before the con- 
version is started. The analog input channels must have 
their corresponding TRIS bits selected as an input. The 
A/D bit sample time is defined as TAD. To determine 
sample time see Section 13.1618. After this sample 
time has elapsed the A/D conversion can be started. 
The following steps should be followed for ne an A/D 
conversion: 


... Configure the A/D module 


¢. Configure analog pins / voltage reference / 
and digital /O (ADCON1) - 


¢ Select A/D input channel (ADCONO) 

* Select A/D conversion clock (ADCONO) 
e Turn on A/D module (ADCONO) 
Configure A/D interrupt (if required) 

e Clear ADIF bit 

e Set ADIE bit 


-e Set GIE bit 


Wait the required sampling time 

Start conversion 

¢ Set GO/DONE bit (ADCONO) 

Wait for A/D conversion to complete, by either: 
e Polling for the GO/DONE bit to be cleared 

e Waiting for the A/D interrupt 

Read A/D Result register (ADRES), clear ADIF 
if required. 

For next conversion, go to step 1 or step 2 as 
required. A minimum wait of 2TAD is required — 
before next sampling starts. 





FIGURE 13-5: A/D BLOCK DIAGRAM FOR PIC16C74 AND PIC16C73 ONLY 


(Input voltage) 


A/D 
Converter 


(Reference 
voltage) 


PCFG<2:0> 


t Not available in PIC16C73 





RE2/AN7T 


RE1/AN6T 


REO/AN5t 


RAS/AN4 


RA3/AN3/VREF 


RA2/AN2 


RA1/AN1 


RAO/ANO 
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FIGURE 13-6: A/D BLOCK DIAGRAM FOR PIC16C71 ONLY 


CHS<1:0> 





eer = ke ete ewe dw dee ee we 


RA3/AN3/VREF 


(Input voltage) 
RA2/AN2 


A/D 
Converter ==0 ara ea p<] RA1/AN1 


RAO/ANO 








es — we he es ee eww eee oe eo 


eu creme 


(Reference 
voltage) 


PCF G<1:0> 
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13.1 AID Sampling Requirements 7 


For the A/D converter to meet its specified accuracy, 
the charge holding capacitor (CHOLD) must be allowed 
to fully charge to the input channel voltage level. The 
analog input model is shown in Figure 13-7. The source 
impedance (Rs) and the internal sampling switch (Rss) 
impedance directly affect the time required to charge 
the capacitor CHOLD. The sampling switch (RSs) imped- 
ance varies over the device voltage (VDD), see 
Figure 13-7. The maximum recommended imped- 
ance for analog sources is 10-KQ. After the analog 
input channel is selected (changed) this sampling must 
be done before the conversion can be started. 


To calculate the minimum sampling time, Equation 13-1 
may be used. This equation assumes that 1/2 LSb error 
is used (512 steps for the A/D). The 1/2 LSb error is the 
maximum error allowed for the A/D to meet its specified 
resolution. 


EQUATION 13-1: A/D SAMPLING TIME 
EQUATION 


VREF =(VREF - VREF/512) «(1 -¢ (VCHOLD (Ric +Rss + Rs)) 


or 
t = -51.2 pF (1KQ + Rss + Rs) In (1/511) 


Example 13-1 shows the calculation of the minimum 
required sample time. This calculation is based on the 
following system assumptions: 


Rs = 10-KQ 

1/2 LSb error 

Vop = 5V > Rss = 7-KQ 
Temp (system Max.) = 50°C 


FIGURE 13-7: ANALOG INPUT MODEL 


Cpin = input capacitance 
VT = threshold voitage 


leakage = leakage current at the pin due to 


various junctions 


Ric = interconnect resistance 
ss = sampling switch 
Chotd = sample/hold capacitance (from DAC) 





T = Coin (Ric + Rss + Rs) 
VHOLD = Vain (1 -e " ') 








EXAMPLE 13-1: CALCULATING THE 
. MINIMUM REQUIRED 
SAMPLE TIME 
Sampling Time= Amplifier Settling Time 
+ Holding Capacitor Charging Time 
+Temperature Coefficient t 
= 5us +t+ [(Temp - 25eC) 
(0.05us/°C)}t 
t = -CHOLD (Ric + Rss + Rs) In (1/511) 
-51.2 pF (8-KQ + 10-KQ) In (0.0020) 
-51.2 pF (18-KQ) In (-0.0020) 
-0.9211s (-6.2364) 
5.724us 
Sampling Time = 5us + 5.724us + [(50°C - 25°C) 
(0.05s / °C)] 
= 10.724us + 1.25s 
= 11.974us 


fT The temperature coefficient is only required for 
temperatures > 25°C. 


Sampling 


lleakage = DAC capacitance 
+500nA 51.2 pF 


5 67891011 
Sampling Switch 
(KW) 
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13.2 Selecting the A/D Conversion Clock 


The A/D conversion requires 10 TAD. The source of the 
A/D conversion clock is software selected. The four 
possible options for TAD are: 

e 2 ToOsC 

¢ 8 TosC 

¢ 32 Tosc 

e Internal RC oscillator 
For correct A/D conversions, the A/D conversion clock 
(TAD) must be selected to ensure a minimum TAD time 
of 1.6us for the PIC16C74 and PIC16C73, and 2.0 us 
for the PIC16C71. Table 13-1 and Table 13-2 show the 


resultant TAD times derived from the device operating 
frequencies and the A/D clock source selected. 





13.3. Configuring Analog Port Pins 


The use of the ADCON1, TRISA, and TRISE registers 
control the operation of the A/D port pins. The port pins 
that are desired as analog inputs must have their corre- 
sponding TRIS bit set (input). If the TRIS bit is cleared 
(output), the digital output level (VOH or VoL) will be 
converted. 


The A/D operation is independent of the state of the 
CHS<2:0> bits and the TRIS bits. 





TABLE 13-1: TAD VS. DEVICE OPERATING FREQUENCIES FOR PIC16C74/PIC16C73 ONLY 









AD Clock Source (TAD) 


eTocs «| SS 
— 
11 


* The RC source has a typical TAD time of 4 us. 


§ These values violate the minimum required TAD time. 


ee aes | ee eae eee 










Device Frequency | 
1.25 MHz 






333.33 KHz 
6 us 





2-6 us" 





t For faster conversion times, the selection of another clock source is recommended. 


TABLE 13-2: TAD VS. DEVICE OPERATING FREQUENCIES FOR PIC16C71 ONLY 





2.0us | 8.0us__ | 





* The RC source has a typical TAD time of 4 us. 


§ These values violate the minimum required TAD time. 





t For faster conversion times, the selection of another clock source is recommended. 


SSS a RF ET SE A SN PES TEE SRT IDOE N SEE CS IE EB PS EAE SCS AE A I ET SEIT ALE TES EEE EET EEE TE STEP 


© 1995 Microchip Technology Inc. 


DS30390A-page 2-619 





PIC16C7X 





13.4 A/D Conversions 


Example 13-2 and Example 13-3 show how to perform 
an A/D conversion. The RA pins are configured as ana- 
log inputs. The analog reference (VREF) is the device 
Vop. The A/D interrupt is enabled, and the A/D conver- 
sion clock is TRC. The conversion is performed on the 
RAO channel. 


EXAMPLE 13-2: DOING AN A/D CONVERSION 
- (PIC16C74/73) 


BSF STATUS, RPO ;Select Page 1 

CLRF ADCONL ;Configure A/D Inputs 

BSF PIE1, ADIE ;Emable A/D interrupt 

BCF .STATUS, RPO ;Select Page 0 

MOVLW 0xC1 7;RC clock, A/D is on, 
7;Ch 0 is selected 

MOVWF ADCONO ; 

BCF PIR1, ADIF ;Clear A/D Int Flag 

BSF INTCON, PEIE ;Enable Peripheral 

BSF INTCON, GIE ;Enable All Interrupts 


Ensure that the required sampling. time for the 
selected input channel has lapsed. Then the 
conversion may be started. 
BSF ADCONO, GO ;Start A/D Conversion 
: The ADIF bit will be 
set and the GO/DONE bit 
cleared upon comple- 
tion of the A/D conversion. 


me Ne te Se 


EXAMPLE 13-3: DOING AN A/D CONVERSION 
(PIC16C71) 


BSF STATUS, RPO ;Select Page 1 

CLRF ADCON1 ;Configure A/D Inputs 
BCF STATUS, RPO ;Select Page 0 

MOVLW 0OxC1 7;RC clock, A/D is on, 
:Ch 0 is selected 
MOVWF ADCONO ae ; 
BSF INTCON,ADIE ;Emable A/D Interrupt 

;Interrupts 
BSF INTCON, GIE ;Enable All Interrupts 


‘ 

7 Ensure that the required sampling time for the 

7 selected input channel has lapsed. Then the 

; conversion may be started. 

BSF ADCONO, GO ;Start A/D Conversion 
: The ADIF bit will be 

set and the GO/DONE bit 
cleared upon comple- 
tion of the A/D conversion. 





Clearing the GO/DONE bit during a conversion will 
abort the current conversion. The ADRES will NOT be 
updated with the partially completed A/D conversion 
sample. That is, the ADRES will continue to contain the 
value of the last completed conversion (or the last 
value written to the ADRES register). After the A/D con- 
version is aborted, the 2TAD wait is required before the 
next sampling is started. After this 2TAD wait, sampling 
is automatically started on the selected channel. 





13.4.1 FASTER CONVERSION - LOWER 
RESOLUTION TRADE-OFF 


Not all applications require a result with 8-bits of reso- 


lution, but may instead require a faster conversion time. 
The A/D module allows users to make the trade off of 
conversion speed to resolution. Regardless of the res- 
olution required, the sampling time is the same. To 
speed up the conversion, the clock source of the A/D 
module may be switched so thatthe TAD time violates 
the minimum specified time (see parameter #130). 
Once the TAD time violates the minimum specified time, 
all the following A/D result bits are not valid (see A/D 
Conversion Timing in the Electrical Specifications sec- 
tion.) The clock sources may only be switched 
between the three oscillator versions (cannot be 
switched from/to RC). The equation to determine the 
time before the oscillator can be switched is as follows: 


Conversion time = 2TAD + NeTAD + (8 - N)(2 Tosc) 
Where: N = number of bits of resolution required 


Since the TAD is based from the device oscillator, the 
user must use some method (a timer, software loop, 
etc) to determine when the A/D oscillator may be 
changed. Example 13-4 shows a comparison of time 
required for a conversion with 4-bits of resolution, ver- 
sus the 8-bit resolution conversion. The example is for 
devices operating at 20 MHz and 16 MHz (The A/D 
clock is programmed for 32 TOSC), and assumes that 
immediately after 6 Tad, the A/D clock is programmed 
for 2TOSC. | 


The 2 Tosc violates the minimum TAD time since the 
last 4-bits will not be converted to correct values. 


EXAMPLE 13-4: 4-BIT VS. 8-BIT 4 
CONVERSION TIMES 


62.5 ns 
16 12.5ys [20 us 
*The PIC16C74/73 A/D has a minimum TAD time of 1.6 ps, 
the PIC16C71 has a minimum TAD time of 2.0 ps. 


2TAD+NeTAD+(8-N)(2TOSC) 
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13.5 D ration During Sle 


The A/D module can operate during SLEEP mode. This 
requires that the A/D clock source be set to RC 
(ADCS<1:0> = 11b). When the RC clock source is 
selected the A/D module waits one instruction cycle 
before starting the conversion. This allows the SLEEP 
instruction to be executed, which eliminates all digital 
switching noise from the conversion. When the conver- 
sion is completed the GO/DONE bit will be cleared, and 
the result loaded into the ADRES register. If the A/D 
interrupt is enabled, the device will wake-up from 
SLEEP. If the A/D interrupt is not enabled, the A/D mod- 
ule will then be turned off, although the ADON bit will 
remain set. 


When the A/D clock source is another clock option (not 
RC), a SLEEP instruction will cause the present con- 
version to be aborted and the A/D module to be turned 
off, though the ADON bit will remain set. 


Turning off the A/D places the A/D module in its lowest 
current consumption state. 





13.6 A/D Accuracy/Error 


The overall accuracy of the A/D is less than + 1 LSb for 
Vpp = 5V+ 10% and the analog VREF = VDD. This over- 
all accuracy includes offset error, full scale error, and 
integral error. The A/D converter is guaranteed to be 
monotonic. The resolution and accuracy may be less 
when either the analog reference (VDD) is less then 
5.0V or when the analog reference (VREF) is less then 
VDD. 


The maximum pin leakage current is + 5 pA. 


In systems where the device frequency is low, use of 
the A/D RC clock derived from the device oscillator is 
preferred. At moderate to high frequencies, TAD should 
be derived from the device oscillator. TAD must not vio- 
late the minimum and should be <8us for preferred 
operation. This is because TAD, when derived from 
Tosc is kept away from on-chip phase clock transitions. 
This reduces, to a large extent, the effects of digital 
switching noise. This is not possible with the RC 
derived clock. The loss of accuracy due to digital 
switching noise can be significant if many I/O pins are 
active. 


In systems where the device will enter SLEEP mode 
after the start of the A/D conversion, the RC clock 
source selection is required. In this mode, the digital 
noise from the modules in SLEEP are stopped. This 
method gives the highest accuracy. 


a a ne a) 
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13.7 Effects of a RESET 


A device reset forces all register to their reset state. 
This forces the A/D module to be turned off, and any 
conversion is aborted. The value that is in the ADRES 
register is not modified for a power-on reset. The 
ADRES register will contain unknown data after a 
power-up reset. 


13.8 Use of the CCP2 Trigger for PIC16C74 
and PIC16C73 only 


An A/D conversion can be started by the “special event 
trigger’ of the CCP2 module. This requires that the 
CCP2M<3:0> bits (CCP2CON<3:0>). be programmed 
as 1011b and that the A/D module is enabled (ADON is 
set). When the trigger occurs, the GO/DONE bit will be 
set to start the A/D conversion and the Timer1 counter 
will be reset to zero. Timer1 is reset to automatically 
repeat the A/D sampling period, with minimal software 
overhead (moving the ADRES to the desired location). 
The appropriate analog input channel must be selected 
and the minimum sampling done before the “special 
event trigger’ sets the GO/DONE bit (starts a conver- 


sion). 


If the A/D module is not enabled (ADON is cleared), 
then the “special event trigger’ will be ignored by the 
A/D module, but will still reset the Timer1 counter. 


EI RT EP PSE SS SP OE Sa POR Sa IS SAE SEE SED SP A ET LS DT SNE DL SE STEELE ET EE I EI EE DE SEA ELLE NTE 
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13.9 Connection Considerations 


Since the analog inputs employ ESD protection, they 
have reversed biased diodes to VDD and Vss. This 
requires that the analog input must be between VbD 
and Vss. If the input voltage exceeds this range by 
greater than 0.6V (either direction), one of the diodes 
becomes forward biased and it may damage the device 
if the input current specification is exceeded. 


An external RC filter is sometimes added for anti-alias- 
ing of the input signal. The R component should be 
selected to ensure that the total source impedance is 
kept under the 10 KQ recommended specification. Any 
external components connected (via high impedance) 
to an analog input pin (capacitor, zener diode, etc.) 
should have very little leakage current at the pin. 


13.10 Transfer Function 


The ideal transfer function of the A/D converter is as fol- 
lows: The first transition occurs when the analog input 
voltage (VAIN) is 1 LSb (or Analog VREF / 256). This is 
shown in Figure 13-8. 


FIGURE 13-8: A/D TRANSFER FUNCTION 


a 
3 
oO. 
2 
3 
ro) 
8 
ro) 
6 
= 
> 
a 


256 LSb 
(full scale) 


———___—__—_—_—_»> 
Analog input voltage 
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FIGURE 13-9: FLOWCHART OF A/D OPERATION 


Wait 2 TAD 









[Adaress [Name 


















CCP2IF 






































a 
a c S a | CCPeIE | 
TE ADRES g 
ADCST | ADCSO [~ CHS2 | CHST | CHSO | GODONE [=] ADON_| 
PortA Data Latch when written to, PortA pin when read 













PORTE PortE Data Latch when written to, PortA pin when read 


TRISE PortE Data direction latch 


t This bit is reserved on the PIC16C73. 


TABLE 13-4: SUMMARY OF A/D REGISTERS FOR PIC16C71 ONLY 
accross [Name | 8R7 | BRE 
| = 09 FADRES A/D Result Register 
[08 [ADCON [ADCS T_ADCSO_ 





PortA Data Direction Latch 
eee 
heel 
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14.0 SPECIAL FEATURES OF THE 
CPU 


What sets apart a microcontroller from other proces- 
sors are special circuits to deal with the needs of real 
time applications. The PIC16CXX family has a host of 
such features intended to maximize system reliability, 
minimize cost through elimination of external compo- 
nents, provide power saving operating modes and offer 
code protection. These are: 

1. OSC selection 

2. Reset 

e Power-On Reset (POR) 

e Power-Up Timer (PWRT) 

e Oscillator Start-Up Timer (OST) 

Interrupts 

Watchdog Timer (WDT) 

SLEEP 

Code protection 

ID locations 

. In-circuit serial programming 

The PIC16CXX has a watchdog timer which can be 
shut off only through configuration bits. It runs off its 


own RC oscillator for added reliability. There are two 
timers that offer necessary delays on power-up. One is 


Bet OD Oe Pe 


the oscillator start-up timer (OST), intended to keep the 
chip in reset until the crystal oscillator is stable. The 
other is the power-up timer (PWRT), which provides a 
fixed delay of 72ms (nominal) on power up only, 
designed to keep the part in reset while the power sup- 
ply stabilizes. With these two timers on-chip, most 
applications need no external reset circuitry. 


The SLEEP mode is designed to offer a very low cur- 
rent power-down mode. The user can wake up from 
SLEEP through external reset, watchdog timer time-out 
or through an interrupt. Several oscillator options are 
aiso made available to allow the part to fit the applica- 
tion. The RC oscillator option saves system cost while 
the LP crystal option saves power. A set of configura- 
tion bits are used to select various options. 


14.1 Configuration Bits 


The configuration bits can be programmed (read as '0"') 
or left unprogrammed (read as '1') to select various 
device configurations. These bits are mapped in pro- 
gram memory location 2007h. 


The user will note that address 2007h is beyond the 
user program memory space. In fact, it belongs to the 
special test/configuration memory space (2000h - 
3FFFh), which can be accessed only during program- 
ming. 


FIGURE 14-1: CONFIGURATION WORD FOR PIC16C74 AND PIC16C73 ONLY 


Register: CONFIG 
Address: 2007h 


PEELE LEE [or [orolporre wore 


bit13 


bitO 


FOSC<1:0>: OSC selection bits. 
11:RC oscillator 
10 : HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: WDT enable bits. 
1 = WDT enabled 
0 = WDT disabled 


PWRTE: Power-up timer enable bits. 
1 = power-up time enabled 
O = power-up timer disabled 


CP<1:0>: Code protection bits. 
11: Code protection off 
10: Upper half of program memory 
code protected 
01: Upper 3/4th of program memory 
code protected 
00: All memory is code protected 


Unimplemented. 


© 1995 Microchip Technology Inc. 


DS30390A-page 2-625 





PIC16C7X 





FIGURE 14-2: CONFIGURATION WORD FOR PIC16C71 ONLY 





Register: CONFIG 
Address: 2007h 


TTT T- [= [em rere wore rose 


bit!3 bito | 
: : FOSC<1:0>: OSC selection bits. 
11: RC oscillator 
10: HS oscillator 
01 : XT oscillator | 
00 : LP oscillator 
WDTE: WDT enable bits. 
1 = WDT enabled . 
0 = WDT disabled | 
PWRTE: Power-up timer enable bits. 
1 = power-up timer enabled 
3 0 = power-up timer disabled 
CPO: Code protection bits. 
1 = Code protection off 
O= All memory is code protected but 
0-3Fh is writable. . 
| Unimplemented. — 
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14.2. Oscillator Configurations 
14.2.1. OSCILLATOR TYPES 


The PIC16CXX can be operated in four different oscil- 
lator options. The user can program two configuration 
bits (FOSC1 and FOSCO0) to select one of these four 
modes: 


e LP Low Power Crystal 
° XT Crystal/Resonator 
e HS High Speed Crystai/Resonator 
e RC Resistor/Capacitor 


14.2.2 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS 


In XT, LP or HS modes a crystal or ceramic resonator 
is connected to the OSC1 and OSC2 pins to establish 
oscillation (Figure 14-3). The PIC16CXX Oscillator 
design requires the use of a parallel cut crystal. Use of 
a series cut crystal may give a frequency out of the 
crystal manufacturers specifications. When in XT, LP or 
HS modes, the device can have an external clock 
source to drive the OSC1 pin. This is shown in 
Figure 14-4. 


FIGURE 14-3: CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP | 
OSC CONFIGURATION) 


To internal 
logic 


SLEEP 


C2 ‘Note1 PIC16CXX 


See Table 14-1, Table 14-2, Table 14-3 and 
Table 14-4 for recommended values of C1 and C2. 


Note 1:A series resistor may be required for AT strip 
cut crystals. 





FIGURE 14-4: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION) 


Clock from OSC1 


ext. system PIC16CXX 


OSC2 








TABLE 14-1: CERAMIC RESONATORS 
PIC16C74/PIC16C73 


Ranges Tested: 


| Freq | osci__| osc2 _ 


XT 455kHZ 68-100 pF |68- 100 pF 
2.0MHz 15 - 68 pF 15 - 68 pF 
4.0MHz 

HS 8.0MHz 10 - 68 pF 10 - 68 pF 
16.0MHz 10 - 22 pF 10 - 22 pF 


15 - 68 pF 15 - 68 pF 
Recommended values of C1 and C2 are identical to 
the ranges tested table. 


Higher capacitance increases the stability of oscilla- 
tor but also increases the start-up time. These vai- 
ues are for design guidance only. Since each 
resonator has its own characteristics, the user 
should consult the resonator manufacturer for 
appropriate values of external components. 


Resonators Used: 


16.0MHz 


All resonators used did not have built-in capacitors. 


TABLE 14-2: CERAMIC RESONATORS 
PIC16C71 


Ranges Tested: 


XT 455kHZ 68 - 100 pF 68 - 100 pF 
2.0MHz 15 - 68 pF 15 - 68 pF 
4.0MHz 15 - 68 pF 15 - 68 pF 
HS 8.0MHz 10 - 68 pF 10 - 68 pF 
16.0MHz 10 - 22 pF 10 - 22 pF 
Recommended values of C1 and C2 are identical to 
the ranges tested table. . 
Higher capacitance increases the stability of oscilla- 
tor but also increases the start-up time. These val- 


ues are for design guidance only. Since each 
resonator has its own characteristics, the user 
should consult the resonator manufacturer for 
appropriate values of external components. __ 


Resonators Used: ' . 


Murata Erie CSA2.00MG 


16.0MHz | Murata Erie CSA16.00MX 


All resonators used did not have built-in capacitors. _| 
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TABLE 14-3: CAPACITOR SELECTION 
~ FOR CRYSTAL OSCILLATOR 
FOR PIC16C74 AND PIC16C73 


| Mode | Freq | sci | sca 
LP 32kHz§ 33-68pF | 33-68pF 
200kHz 15-47pF | 15-47pF 
| XT | | 




























HS 8MHz 15 - 47 pF 15 - 47 pF 
20MHz | 15-47pF 15 - 47 pF 

Note: Higher capacitance increases the stability of oscil- 
lator but also increases the start-up time. These 
values are for design guidance only. Rs may be 
required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specifica- 
tion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 
For VDD > 4.5V, C1 = C2 = 30pf is recommended. 


TABLE 14-4: CAPACITOR SELECTION 
FOR CRYSTAL OSCILLATOR 
FOR PIC16C71 ONLY 


| Mode | Freq | sci | osc2 | 
LP 32kHz§ 33-68pF | 33-68pF 
200kHz 15-47 pF | 15-47 pF 












































15-47 pF 
15 - 47 pF 
Note: Higher capacitance increases the stability of oscil- 
lator but also increases the start-up time. These 
values are for design guidance only. Rs may be 
required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specifica- 
tion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 

For VDD > 4.5V, C1 = C2 = 30pf is recommended. 


14.2.3 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types of 
crystal oscillator circuits can be used; one with series 
resonance, or one with parallel resonance. 








Figure 14-5 shows implementation of a parallel reso- 
nant oscillator circuit. The circuit is designed to use the 
fundamental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a par- 
allel oscillator requires. The 4.7 kQ resistor provides the 
negative feedback for stability. The 10 kQ potentiome- 
ter biases the 74AS04 in the linear region. This could 
be used for external oscillator designs. 


FIGURE 14-5: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices 


20pF I 20pF 


Figure 14-6 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre- 
quency of the crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
circuit. The 330Q resistors provide the negative feed- 
back to bias the inverters in their linear region. 


FIGURE 14-6: EXTERNAL SERIES 


RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices Bi c16Cxx 


14.2.4 RC OSCILLATOR 


For timing insensitive applications the “RC” device 
option offers additional cost savings. The RC oscillator 
frequency is a function of the supply voltage, the resis- 
tor (Rext) and capacitor (Cext) values, and the operat- 
ing temperature. In addition to this, the oscillator 
frequency will vary from unit to unit due to normal pro- 
cess parameter variation. Furthermore, the difference 
in lead frame capacitance between package types will 
also affect the oscillation frequency, especially for low 


3 5 
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Cext values. The user also needs to take into account 
variation due to tolerance of external R and C compo- 
nents used. Figure 14-7 shows how the R/C combina- 
tion is connected to the PIC16CXX. For Rext values 
below 2.2 kQ, the oscillator operation may become 
unstable, or stop completely. For very high Rext values 
(e.g. 1 MQ), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3 kQ and 100 kQ. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With no or 
small external capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
capacitances, such as PCB trace capacitance or pack- 
age lead frame capacitance. 


See characterization data for desired device for RC fre- 
quency variation from part to part due to normal pro- 
cess variation. The variation is larger for larger R (since 
leakage current variation will affect RC frequency more 
for large R) and for smaller C (since variation of input 
capacitance will affect RC frequency more). 


See characterization data for desired device for varia- 
tion of oscillator frequency due to VDD for given 
Rext/Cext values as well as frequency variation due to 
operating temperature for given R, C, and VDD values. 


The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur- 
poses or to synchronize other logic (see Figure 3-4 for 
waveform). 


FIGURE 14-7: RC OSCILLATOR MODE 


Internal 
clock 


PIC16CXX 


OSC2/CLKOUT 





14.3 Reset 


The PIC16CXX differentiates between various kinds of 
reset: 


a) Power-on reset (POR) 

b) MCLR reset during normal operation 

c) MCLR reset during SLEEP 

d) WOT time-out reset during normal operation 
e) WDT time-out reset during SLEEP 


Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a “reset 
state” on power-on reset (POR), on MCLR or WDT 
reset during normal operation and on MCLR reset dur- 
ing SLEEP. They are not affected by a WDT reset dur- 
ing SLEEP, since this reset is viewed as the resumption 
of normal operation. TO and PD bits are set or cleared 
differently in different reset situations as indicated in 
Table 14-6. These bits are used in software to deter- 
mine the nature of reset. See Table 14-8 for a full 
description of reset states of all registers. 


A simplified block diagram of the on-chip reset circuit is 
shown in Figure 14-8. 
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Power-On Reset (POR), 
Power-Up-Timer (PWRT) and 


Oscillator Start-up Timer (OST) 
POWER-ON RESET (POR) 


14.4 


14.4.1 


A Power-On Reset pulse is generated on-chip when 
VoD rise is detected (in the range of 1.6V - 1.8V). To 
take advantage of the POR, just tie MCLR pin directly 
(or through a resistor) to VDD. This will eliminate exter- 
nal RC components usually needed to create 
Power-On Reset. A maximum rise time for VDD is 
required. See Electrical Specifications for details. 


The POR circuit does not produce internal reset when 
Vop declines. 


14.4.2 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 72ms nominal 
time-out on power-up only, from POR. The power-up 
timer operates on an internal RC oscillator. The chip is 
kept in reset as long as PWRT is active. The PWRT 


delay allows the VoD to rise to an acceptable level. A 
configuration bit, PWRTE can enable (if set) or disable 
(if cleared or programmed) the power-up timer. 


The Power-Up Time delay will vary from chip to chip 
and due to VDD, temperature, and process variation. 
See DC parameters for details. 7 : 


FIGURE 14-8: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


Se 


SLEEP 
WDT |; WOT = 
Module |Time_Out 
Reset 
XH 
Vile detect Power_On_Reset 


VoD 
OST/PWRT 
O 


| 


> 10 bit Ripple counter 


t This is a separate oscillator from 
the RC oscillator of the CLKIN pin. 


Enable OST 


Enable P ion 


ST | 
|e 10 bit Ripple counter 7 a 


Power_Up and PWRTE 

(Enable the PWRT timer 

only if it is Power_Up and power_on timer 
fuse is enabled) . 


terabia tre + Wake_Up) (XT + LP + HS) 


Enable the OST if it is Power_Up or Wake_Up 
from SLEEP and OSC type is XT or LP or HS) 
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14.43 OSCILLATOR START-UP TIMER (OST) 


The Oscillator Start-Up Timer (OST) provides 1024 
oscillator cycle (from OSC1 input) delay after the 
PWRT delay is over. This guarantees that the crystal 
oscillator or resonator has started and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on power-on reset or wake-up from 
SLEEP. 


14.44 TIME-OUT SEQUENCE 


On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after POR has expired. Then 
OST is activated. The total time-out will vary based on 
oscillator configuration and PWRTE bit status. For 
example, in RC mode with PWRTE bit cleared (PWRT 
disabled), there will be no time-out at all. Figure 14-9, 
Figure 14-10, and Figure 14-11 depict time-out 
sequences on power up. 


TABLE 14-5: TIME-OUT IN VARIOUS 
SITUATIONS 


Oscillator | Power-up _| Wake up 
Configuration | pPWRTE=1 | PWRTE=0 | from 
SLEEP 


XT, HS, LP 72 ms + 1024Tosc | 1024 Tosc 
1024Tosc 
IRcC—C*d(72ms— | Oo S|] Cr 


Since the time-outs occur from the POR pulse, if MCLR 
is kept low long enough, the time-outs will expire. Then 
bringing MCLR high will begin execution immediately 
(see Figure 14-10). This is useful for testing purposes 
or to synchronize more than one PIC16CXX device 
operating in parallel. 





Table 14-7 shows the reset conditions for some special 
registers, while Table 14-8 shows the reset conditions 
for all the registers. 


14.45 POWER CONTROL/STATUS REGISTER 
(PCON) 


The power control/status register, PCON (address 8Eh) 
has only one bit. 


Bitt is POR (Power-on-reset). It is cleared on 
power-on-reset and unaffected otherwise. The user 
must set this bit following power-on-reset. On a subse- 
quent reset if POR is cleared, it will indicate that a 
Power-On Reset must have occurred VDD may have 
gone too low). 


TABLE 14-6: STATUS BITS AND THEIR 
SIGNIFICANCE 


Illegal, TO is set on POR 
Illegal, PD is set on POR 










aa WDT reset during normal opera- 
t 

WDT timeout wakeup from 

SLEEP 


ion 
MCLR reset during normal oper- 
ation 

MCLR reset during SLEEP or 
interrupt wake-up from SLEEP 


1 












Lai 
Gl 
le. 


TABLE 14-7: RESET CONDITION FOR SPECIAL REGISTERS 


PCL 
Addr: 02h 


Power-On Reset 


MCLR reset during normal operation 
MCLR reset during SLEEP 000h 
WDT reset during normal operation 
WDT during SLEEP | PC +1 

PC + 1 (Note1) 


Interrupt wake-up from SLEEP 


000h | 





STATUS PCON on 
Addr: 03h PIC16C74 and 
PIC16C73 only 


Legend: u =unchanged, x = unknown, - = unimplemented bit, read as 'O' 
Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
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TABLE 14-8: INITIALIZATION CONDITIONS FOR ALL REGISTERS 
| | | MCLR Reset during: 






Wake up from SLEEP 



















— normal operation through interrupt 
Register - Device Power-on Reset ~— SLEEP | Wake up from SLEEP 
| WDT timeout during through WDT timeout 





normal operation 


yuuu uuu 

Beet ee eed 

STATUS uuu? ?uuu (3). 

FSR uuuu uuUuU 
7X 0000 0000 uuuu uuUuU 

_ Other 7X 0000 00-0 | uuuu uu-Uu 


Legend: u =unchanged, x = unknown, - = unimplemented bit, readas'0', ?=value depends on condition 
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
3: See Table 14-7 for reset value for specific condition. 

















| 
x 
x 
. 


INDF 


x< 


N 
© 
© 
© 
fe 
he 


-TMRO 


3 
x] 
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aE 
: 


. 
x 
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x 


PORTB ~ 
PORTC 
PORTD 
PORTE 
PCLATH 
INTCON 
PIR1 

PIR2 | 
TMRIL 
TMR1H 
T1CON 
TMR2 
T2CON 
SSPBUF 
SSPCON 
CCPRIL 
CCPRIH 
CCP1CON 
RCSTA 
TXREG 
RCREG 
CCPR2L 
CCPR2H _ 
CCP2CON 
ADRES 


N 


a 
x 
x 


ADCONO 


OPTION 
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TABLE 14-8: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONT.) 


MCLR Reset during: Wake up from SLEEP 
— normal operation through interrupt 
Register Device Power-on Reset -— SLEEP Wake up from SLEEP 


WDT timeout during through WDT timeout 
normal operation 














He at a ta 1111 1111 uuuu uuuU 
ee ae ee 


ec ee ee 


Legend: u =unchanged, x = unknown, - = unimplemented bit, readas ‘0', ? = value depends on condition 
Note 1: One or more bits in INTCON, PIR1 and/or PIR2 will be affected (to cause wake-up). 
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector (0004h). 
3: See Table 14-7 for reset value for specific condition. 


TRISA 


TRISB 
TRISC 
TRISD 
TRISE 
PIE1 
PIE2 
PCON 
PR2 
SSPADD 
SSPSTAT 
TXSTA 
SPBRG 


“ 
< 


7 
7 
7 
7 


74 
4 
X 
X 

7X 

7X 
7X 

X 
7X 
7X 

71 


ADCON1 
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FIGURE 14-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpb): CASE 1 








Vpb 









MCLR 


INTERNAL POR 


PWRT TIME-OUT 






OST TIME-OUT 


INTERNAL RESET See CC 


FIGURE 14-10: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): CASE 2 


Vopp 


MCLR 


INTERNAL POR 


. ' ‘ 
—_—_———____ twat ——____ 


PWRT TIME-OUT oe a 


-tosT—> 


OST TIME-OUT eee cee | 


INTERNAL RESET 





FIGURE 14-11: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO Vpp) 





VpD 


MCLR 


INTERNAL POR 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET 
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FIGURE 14-12: EXTERNAL POWER-ON FIGURE 14-13: BROWN-OUT PROTECTION 
RESET CIRCUIT (FOR SLOW CIRCUIT 1 
Vpp POWER-UP) 


MCLR 


MCLR 


PIC16CXX 
PIC16CXX 


Note: 


1. This circuit will activate reset when VoD 
goes below (Vz + 0.7V) where Vz = Zener 
voltage. 


Note: 


External power-on reset circuit is required 
only if VDD power-up slope is too slow. The 
diode D helps discharge the capacitor 
quickly when VoD powers down. 


R < 40KQ is recommended to make sure 
that voltage drop across R does not exceed 
0.2V (max leakage current spec on MCLR 
pin is 5uA). A larger voltage drop will 
degrade VIH level on MCLR pin. 

R1 = 100Q to 1KQ will limit any current flow- 
ing into MCLR from external capacitor C in 
the event of MCLR pin breakdown due to 
ESD or EOS. 





FIGURE 14-14: BROWN-OUT PROTECTION 
CIRCUIT 2 


MCLR 





PIC 16CXX 


Note: 


This brown-out circuit is less expensive, 
albeit less accurate. Transistor Q1 turns 
off when VDD is below a certain level such 
that: 


R14 
el 0.7V. 
V0D* —By—Rp 
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14.5 Interrupts - 
The PIC16C7X family has up to 12 sources of interrupt: 









Interrupt sources: 





External interrupt RBO/INT 
TMRO overflow interrupt 


PORTB change interrupts (pins 
RB<7:4>) 


A/D interrupt ! 

TMR1 overflow interrupt 
TMR2 matches period interrupt 
CCP1 interrupt 

CCP2 interrupt 


SCI asynchronous transmit and 
receive oe 


Synchronous serial port interrupt 
Parallel slave port read/write interrupt 


ple eee ec 
CELT eT = eel ener 


pel x liebe ee] > ron 


ea i et 


The interrupt control register (INTCON) records individ- 
ual interrupt requests in flag bits. It also has individual 
and global interrupt enable bits. 


A global interrupt enable bit, GIE (INTCON<7>) 
enables (if set) all un-masked interrupts or disables (if 

Cleared) all interrupts. Individual interrupts can be dis- 
abled through their corresponding enable bits in 
INTCON register. GIE is cleared on reset. 





The “return from interrupt” instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit, which 
re-enable interrupts. 


The INT pin interrupt, the RB port change interrupt and 
the TMRO overflow interrupt flags are contained in the 
INTCON register. 


The peripheral interrupt flags are contained in the spe- 
cial register PIR1. The corresponding interrupt enable 
bits are contained in special register PIE1 and the 
peripheral interrupt enable bit is contained in special 
register INTCON. 


When an interrupt is responded to, the GIE is cleared 
to disable any further interrupt, the return address is 
pushed into the stack and the PC is loaded with 0004h. 
Once in the interrupt service routine the source(s) of 
the interrupt can be determined by polling the interrupt 
flag bits. The interrupt flag bit(s) must be cleared in soft- 
ware before re-enabling interrupts to avoid recursive 
interrupts. 


When an interrupt is responded to, the GIE is cleared 
to disable any further interrupt, the return address is 
pushed into the stack and the PC is loaded with 0004h. 
For external interrupt events, such as the INT pin or 
PORTB change interrupt, the interrupt latency will be 
three or four instruction cycles.. The exact latency 
depends when the interrupt event occurs (see 
Figure 14-17). The latency is the same for one or two 
cycle instructions. Once in the interrupt service routine 
the source(s) of the interrupt can be determined by poll- 
ing the interrupt flag bits. The interrupt flag bit(s) must 
be cleared in software before re-enabling interrupts to 
avoid infinite interrupt requests. Individual interrupt flag 
bits are set regardless of the status of their correspond- 
ing mask bit or the GIE bit. 
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FIGURE 14-15: INTERRUPT LOGIC FOR PIC16C74 AND PIC16C73 
TMAtIF 
TMAAIE ey) TOIF a) Wateus 
TMR21F = TOIE (if in SLEEP mode) 
TMR2IE eee 
cori mre | true 
CCP2IF RBIF 
CCP2IE - RBIE - 
ADIF 
we LIA Om 
iF 


TXIE 





GiE 






SSPIF 
SSPIE 


PSPIF 
PSPIE 


FIGURE 14-16: INTERRUPT LOGIC FOR PIC16C71 





Wakeup 
(if in SLEEP mode) 


Interrupt 
to CPU 





FIGURE 14-17: INT PIN INTERRUPT TIMING 





ai | a2] as} aa! ar| a2| as| as] ar] az] as| aa| ar] az] as] as] ar| az] as| as 
Osc 


CLKOUT(?) 


INT pin 


INTF flag 
(INTCON <1>) 


GIE bit 
(INTCON <7>) 


INSTRUCTION FLOW 


422 ae oe 


Instruction 
fetched Inst (PC) Inst (PC + 1) Inst (0004h) Inst (0005h) 


Instruction 


executed meIES <4) Inst (PC) Dummy cycle Dummy cycle Inst (0004h) 


Notes: 
1. INTF flag is sampled here (every Q1) 
2. Interrupt latency = 3-4 Tcy where Tcy = instruction cycle time. 
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 
3. CLKOUT is available only in RC oscillator mode. 
4. For minimum width spec of INT pulse, refer to AC specs. 
5. INTF is enabled to be set anytime during the Q4-Q1 cycles. 
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14.5.1 INT INTERRUPT 


External interrupt on RBO/INT pin is edge triggered: 
either rising if INTEDG bit (OPTION<6>) is set, or fall- 
ing, if INTEDG bit is clear. When a valid edge appears 
on the INT pin, the INTF bit (INTCON<1>) is set . This 
interrupt can be disabled by clearing the INTE control 
bit (INTCON<4>). The INTF bit must be cleared in soft- 
ware in the interrupt service routine before re-enabling 
this interrupt. The INT interrupt can wake up the pro- 
cessor from SLEEP, if the INTE bit was set prior to 
going into SLEEP. The status of the GIE bit decides 
whether or not the processor branches to the interrupt 
vector following wake-up. See Section 14.8 for details 
on SLEEP mode. 


14.5.2 TMRO INTERRUPT 


An overflow (FFh — 00h) in the TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing TOIE (INTCON<5>) bit. For 
operation of the TMRO module, see Section 7.0. 


14.5.3  PORTB INTCON CHANGE 


An input change on PORTB <7:4> sets the RBIF 
(INTCON<0O>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing the RBIE (INTCON<4>) bit. 
For operation of PORTB, see Section 5.2. 





14.6 7 Context Saving During Interrupts 


During an interrupt, only the return PC value is saved 
on the stack. Typically, users may wish to save key reg- 
isters during an interrupt e.g. W register and STATUS 
register. This will have to be implemented in software. 


Example 14-1 and Example 14-2 store and restore the 
STATUS and W registers. For PIC16C74 and 
PIC16C73, the register, W_TEMP, must be defined in 
both banks and must be defined at the same offset from 
the bank base address (i.e., if W_TEMP is defined at 
0x20 in bank 0, it must also be defined at OxA0 in bank 
1). For PIC16C74 and PIC16C73, the user register, 
STATUS_TEMP, must be defined in bank 0. 


The example: 


e Stores W register 
e Stores STATUS register in bank 0 
e Executes ISR code 


© Restores STATUS (and bank select bit) register 


e Restores W register 
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EXAMPLE 14-1: SAVING STATUS AND W REGISTERS IN RAM (PIC16C74 AND PIC16C73) 





MOVWF W_TEMP ; Copy W to TEMP register, could be bank one or zero 
SWAPF STATUS ,W ; Swap status to be saved into W 
BCF STATUS, RPO ; Change to bank zero, regardless of current bank 
MOVWF STATUS_TEMP ; Save status to bank zero STATUS_TEMP register 
(ISR) 
SWAPF STATUS_TEMP,W ; Swap STATUS_TEMP register into W (sets bank to 
: original state) 
MOVWF STATUS ; Move W into STATUS register 
SWAPF W_TEMP,F ; Swap W_TEMP 
SWAPF W_TEMP,W ; Swap W_TEMP into W 





EXAMPLE 14-2: SAVING STATUS AND W REGISTERS IN RAM (PIC16C71) 


MOVWF W_TEMP ; Copy W to TEMP register 

SWAPF STATUS, W ; Swap status to be saved into W 

MOVWFE STATUS_TEMP ; Save status to STATUS_TEMP register 
(ISR) 

SWAPF STATUS_TEMP,W ; Swap STATUS_TEMP register into W 

MOVWF STATUS ; Move W into STATUS register 

SWAPF W_TEMP,F ; Swap W_TEMP 

SWAPF W_TEMP,W ; Swap W_TEMP into W 





© 1995 Microchip Technology inc. DS30390A-page 2-639 


PIC16C7X 








14.7 Watchdog Timer (WDT) 


The watchdog timer | is realized as a free running | 


on-chip RC oscillator which does not require any exter- 
nal components. This RC oscillator is separate from the 
RC oscillator of the CLKIN pin. That means that the 
WODT will run, even if the clock on the OSC1 and OSC2 
pins of the device has been stopped, for example, by 
execution of a SLEEP instruction. During normal oper- 
ation, aWDT time-out generates a device RESET. If the 
device is in SLEEP mode, a WDT timeout causes the 


device to wake-up and continue with normal operation. _ 
The WDT can be permanently disabled by program- 


ming the configuration fuse WDTE as a_ '0' 
(Section 14.1). 


14.7.1. WDT PERIOD 


The WDT has a nominal time-out period of 18 ms, (with 


no prescaler). The time-out periods vary with tempera- _ 


ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
prescaler with a division ratio of up to 1:128 can be 


assigned to the WDT under software control by writing 
_ to the OPTION register. Thus, time-out periods up to 
_ 2.3 seconds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler, if assigned to the WDT, and prevent 
it from timing out and generating a device RESET con- 
dition. 


The TO bit in the STATUS register will be cleared upon 
a watchdog timer time-out. 


14.72 WDT PROGRAMMING CONSIDERATIONS 


It should also be taken in account that under worst case 


conditions (VDD = Min., Temperature = Max., max. WDT 


prescaler) it may take several seconds before a WDT 


~ time-out occurs. 


FIGURE 14-18: WATCHDOG TIMER BLOCK DIAGRAM 


From TMRO Clock Source | 
(see Figure 7-6) _ 


Watchdog 
Timer 


WDT 
Enable Bit 


PSO -PS2 


To TMRO (see Figure 7-6) 


WDT 
Time-out 


Note: TOSE, TOCS, PSA, PSO-PS2 are bits in the OPTION register. 





FIGURE 14-19: SUMMARY OF WATCHDOG TIMER REGISTERS 


ad Se 


2007h Config. bits 
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14.8 Power-DownM LEEP 


The Power-Down mode is entered by executing a 
SLEEP instruction. 


If enabled, the Watchdog Timer will be cleared but 
keeps running, the PD bit in the STATUS register is 
cleared, the TO bit is set, and the oscillator driver is 
turned off. The I/O ports maintain the status they had, 
before the SLEEP command was executed (driving 
high, low, or hi-impedance). 


For lowest current consumption in this mode, all I/O 
pins should be either at VDD, or Vss, with no external 
circuitry drawing current from the I/O pin, power down 
the A/D, disable external clocks. I/O pins that are 
hi-impedance inputs should be pulled high or low exter- 
nally to avoid switching currents caused by floating 
inputs. The TOCKI input should also be at VoD or Vss 
for lowest current consumption. The contribution from 
on chip pull-ups on PORTB should be considered. 


The MCLR pin must be at a logic high level (ViHMCc). 


It should be noted that a RESET generated by a WDT 
time-out does not drive MCLR pin low. 


14.8.1. WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of 

the following events: 

1. External reset input on MCLR pin 

2. Watchdog timer time-out reset (if WDT was 
enabled) 

3. Interrupt from INT pin, RB port change, or some 
Peripheral Interrupts. 


The following peripheral interrupts can wake-up from 
SLEEP: 


1. TMR1 interrupt. Timert must be operating as 
an asynchronous counter. 


2. SSP (Start/Stop) bit detect interrupt. 
3. CCP capture mode interrupt. 
4. Parallel Slave port read or write. 


Other peripherals can not generate interrupts since 
during SLEEP, no on-chip Q clocks are present. 


The first event will cause a device reset. The two latter 
events are considered a continuation of program exe- 
cution. The TO and PD bits in the STATUS register can 
be used to determine the cause of device reset. PDbit, 
which is set on power-up is cleared when SLEEP is 
invoked. TO bit is cleared if WDT time-out occurred 
(and caused wake-up). 


When the SLEEP instruction is being executed, the next 
instruction (PC + 1) is pre-fetched. For the device to 
wake-up through an interrupt event, the corresponding 
interrupt enable bit must be set (enabled). Wake-up is 
regardless of the state of the GIE bit. If the GIE bit is 
clear (disabled), the device continues execution at the 
instruction after the SLEEP instruction. If the GIE bit is 
set (enabled), the device executes the instruction after 
the SLEEP instruction and then branches to the inter- 
rupt address (0004h). In cases where the execution of 
the instruction following SLEEP is not desirable, the 
user should have a NOP after the SLEEP instruction. 





The WDT is c akes-up from 
sleep, regardless of the source of wake-up. 


FIGURE 14-20: WAKE-UP FROM SLEEP THROUGH INTERRUPT 


Q1| Q2| Q3] Q4 | Q1| Q2] Q3| a4] ar] 


CLKOUT(4) 
INT pin 


INTF flag 
(INTCON <1>) 


GIE bit 
(INTCON <7>) 


INSTRUCTION 
FLOW PC 


ee Inst (PC) = SLEEP Inst (PC + 1) 


Instruction 
vale af inst (PC - 1) SLEEP 


Notes: 
1. XT, HS or LP oscillator mode assumed 


2. tost = 1024 tose (drawing not to scale). This delay will not be there for RC osc made. 


3. GIE = 1 assumed. In this case after wake up processor jumps to interrupt routine. 


If GIE = 0, execution will continue in line. 


4. CLKOUT is not available in these osc modes, but shown here for timing reference. 
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14.9. Code Protection — 


The code in the program memory can be protected by 
programming the code protect bits. 


The PIC16C74 and PIC16C73 each have two code pro- 
tect bits (CP<1:0>) and the PIC16C71 has one code 
protect bit (CP<0>). 


The PIC16C74 and PIC16C73 code protection scheme 
allows the user to selectively protect portions of the pro- 
gram memory. Refer to Figure 14-1 for code protection 
bit assignments for the PIC16C74 and PIC16C73. 
Once a segment has been code protected, those mem- 
ory locations cannot be further programmed. Unpro- 
tected segments can be read and reprogrammed. 


The PIC16C71 has one code protection bit, CPO (refer 
to Figure 14-2). When code protection is enabled, all 
locations 40h and above cannot be reprogrammed. 
The first 64 locations, OOh-3Fh, can be repro- 
grammed. | | 


The configuration word and ID locations are not code 
protected for all devices. 


14.10 ID Locations 


Four memory locations (2000h - 2003h) are designated 
as ID locations where the user can store checksum or 
other code-identification numbers. These locations are 
not accessible during normal execution but are read- 
able and writable during program/verify. Only the 4 least 
significant bits of ID location are usable. 





14.11. In-Circuit Serial Programming 


The PIC16CXX microcontrollers can be serially pro- 
grammed while in the end application circuit. This: is 
simply done with two lines for clock and data, and three 
other lines for power, ground, and the programming 
voltage. This allows customers to manufacture boards 
with unprogrammed devices, and then program the 
microcontroller just before shipping the product. This 
also allows the most recent firmware or a custom firm- 
ware to be programmed. 


The device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low while raising the 
MCLR (VpP) pin from Vit to VIHH (see programming 
specification). RB6 becomes the programming clock 
and RB7 becomes the programming data. Both RB6 
and RB7 are Schmitt trigger inputs in this mode. 


After reset, to place the device into programming/verify 
mode, ‘the program counter (PC). is at location OOh. A 
6-bit command is then supplied to the device. Depend- 
ing on the command, 14-bits of program data are then 
supplied to or from the device, depending if the com- 
mand was a load or a read. For complete details of 
serial programming, please refer to the PIC16C6X/7X 
Programming Specifications (Literature #DS30228). 


A typical in-system serial programming: connection is 
shown in Figure 14-21. 


FIGURE 14-21: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 


To Normal 
External Connections 


Connector 
Signals 


PIC1GCXX 


To Normal 
Connections 


— cms SS sons SSS Gn FP es -_ + 
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15.0 INSTRUCTION SET SUMMARY 


Each PIC16CXX instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16CXX instruction set 
summary in Table 15-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 15-1 shows the 
opcode field descriptions. 


For byte-oriented instructions, ‘f' represents a file regis- 
ter designator and ‘d' represents a destination designa- 
tor. The file register designator specifies which file 
register is to be utilized by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If 'd' is zero, the result is 
placed in the W register. If ‘d' is one, the result is placed 
in the file register specified in the instruction. 

For bit-oriented instructions, 'b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while ‘f' represents the number of the 
file in which the bit is located. 


For literal and control operations, 'k' represents an eight 
or eleven bit constant or literal value. 


TABLE 15-1: OPCODE FIELD 
DESCRIPTIONS 


Don't care location (= 0 or 1) 
The assembler will generate code with x = 0. It is the 
recommended form of use for compatibility with all 
software tools. 




















Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 


abel 
TOS |Top of Stack 
P Program Counter 


he 


LA 


si[Program Counter ightaich 
01 


dest |Destination either the W register or the specified 
register file location 






BE 


Cc 
TO 







=> [Raspes 
<> [Regret 
e[ntestat 


italics 


~~ 
~ 


The instruction set is highly orthogonal and is grouped 
into three basic categories: 


e Byte oriented operations 
e Bit oriented operations 
e Literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the pro- 
gram counter is changed as a result of an instruction. In 
this case, the execution takes two instruction cycles 
with the second cycle executed as a NOP. One instruc- 
tion cycle consists of four oscillator periods. Thus, for 
an oscillator frequency of 4 MHz, the normal instruction 
execution time is 1 usec. If a conditional test is true or 
the program counter is changed as a result of an 
instruction, the instruction execution time is 2 usec. 


Table 15-2 lists the instructions recognized by the 
MPASM assembler. 


Figure 15-1 shows the three general formats that the 
instructions can have. 






All examples use the follo 
hexadecimal number: 


Oxhh | 
where h signifies a hexadecimal digit. 
FIGURE 15-1: GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
13 8 7 6 0 


OPCODE d f (FILE #) 


d = 0 for destination W 
d = 1 for destination f 
f =7-bit file register address 


Bit-oriented file register operations 
13 10 9 7 6 


OPCODE b(BIT#)| (FILE #) 


b = 3-bit bit address 
f =7-bit file register address 


Literal and control operations 
13 8 7 
OPCODE k (literal) 


k = 8-bit immediate value 
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TABLE 15-2: PIC16CXX INSTRUCTION SET 


Mnemonic, Description 14-Bit al Status 
Operands pmsb sb | rote 


Add W and f 

AND W and f 

Clear f 

Clear W 

Complement f 
Decrement f 

Decrement f, Skip if 0 
Increment f 

Increment f, Skip if 0 
Inclusive OR W and f 
Move f 

Move W to f 

No Operation 

Rotate left through carry 
Rotate right f through carry 
Subtract W from f 
SWAPF Swap nibbles in f 
XORWF Exclusive OR W and f 


BIT-ORIENTED FILE REGISTER OPERATIONS 


BCF f,b | Bit Clear f 01 OObb bfff ffff 
BSF f,b | Bit Setf | 01 Olbb bfff ffff 
BTFSC f,b | Bit Test f, Skip if Clear 01 10bb bfff ffff 
BTFSS f,b | Bit Test f, Skip if Set 01 1ibb bfff ffff 


LITERAL AND CONTROL OPERATIONS 


ADDLW Add literal to W 
ANDLW AND literal to W 

| CALL Call subroutine 
CLRWDT Clear watchdog timer 
GOTO Go to address 
IORLW Inclusive OR literal to W 
MOVLW Move literal to W 
RETFIE Return from interrupt 
RETLW Return with literal in W 

| RETURN Return from subroutine 
SLEEP Go into standby mode 

| SUBLW Subtract W from literal 
XORLW Excl. OR literal to W 


Note 1: When an I/O register is modified as a function of itself (e.g. MOVF PORTB, 1), the value used will be that 
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is 
driven low by an external device, the data will be written back with a 'O'. 
Note 2: If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared 
if assigned to the TMRO. | 
Note 3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. me sec- 
ond cycle is executed as a NOP. 














oa 


ancae 
CLRF 
CLRW 
COMF 
DECF 
DECFSZ 
INCF 
INCFSZ 
IORWF 
MOVF | 
MOVWF 
NOP 
RLF 
RRF 
SUBWF 


~~ 
ine) 
— 


Cones 
NN N HT 


wh =“h “h @=h =h § ~h wh @h gh oh jh = wh 1 Oth wh HR 


SN ee ee ee ee ee ee 


aagaadadaa 





i i ee oD 


aoe aAnMynyOhy =p =AhD | a 





DS30390A-page 644 © 1995 Microchip Technology inc. 


PIC16C7X 





15.1. Instruction Descriptions _ 


ADDLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


ADDWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Add Literal to W 

[ label] ADDLW k 
0<k<255 
(W)+k—>W 

C,DC, Z 


The contents of the W register are 
added to the eight bit literal 'k' and the 
result is placed in the W register. 


1 
1 
ADDLW 0x15 


Before Instruction 

W = 0x10 
After Instruction 

W = 0x25 


ADD W tof 

[ label] ADDWF _ fd 
0<f<127 

de [0,1] 

(W) + (f) — (dest) 
C,DC, Z 


) 00 0111 | a@fffe | ££FFE 


Add the contents of the W register to 
register ‘f'. If ‘d' is 0 the result is 
stored in the W register. If ‘d'is 1 the 
result is stored back in register 'f'. 


1 
1 
ADDWF FSR, 0 


Before Instruction 


W =  Ox17 

FSR= OxC2 
After Instruction 

W =  OxD9 

FSR= OxC2 


ANDLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


ANDWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


And Literal and W 
[label] ANDLW_ k 
0<k<255 

(W) .AND. (k) — W 

Z 


1001 | kkkk | kkkk 


The contents of W register are 
AND’ed with the eight bit literal 'k’. 
The result is placed in the W register. 


1 
1 
ANDLW 0x5F 


Before Instruction 


W = OxA3 
After Instruction 

W = 0x03 
AND W with f 
{ label] ANDWF _ f,d 
0<f<127 
de [0,1] 
(W) .AND. (f) — (dest) 
Z 


| 00 | 0104 aefe | FEEE 


AND the W register with register ‘f'. If 
‘d' is 0 the result is stored in the W 
register. If ‘d'is 1 the result is stored 
back in register ‘f'. 


1 
1 
ANDWF FSR, 1 


Before Instruction 


W = 0x17 

FSR= 0xC2 
After Instruction 

W =  Oxi7 

FSR = 0x02 


© 1995 Microchip Technology Inc. 


DS30390A-page 645 





PIC16C7X 





Operation: 
Status Affected: 
Encoding: 
Description: 


Operation: 
Status Affected: 
Encoding: 
Description: 


_ Bit Clear f 


[label] BCF fb 


O<f<127 
O<b<7 


0 > f <b> 
None 
Bit 'b' in register ‘f' is cleared. 
1 
1 
BCF FLAG REG, 7 


Before Instruction 
FLAG_REG = 0xC7 

After Instruction 
FLAG_REG = 0x47 


Bit Set f 
[ label] BSF f,b 


0<f<127 
O<b<7 


1 - f<b> 
None 
Bit ‘b' in register 'f' is set. 
1 
1 
BSF FLAG_REG, 7 


Before Instruction 
FLAG_REG= Ox0A 

After Instruction | 
FLAG_REG= Ox8A 


BTFSC 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


BIT Test, skip if Clear 
[ label] BTFSC f,b 


O<f<127 
O<b<7 


skip if (<b>) = 0 
None 


‘10bb «| pete =| £fFE 


lf bit ‘b' in register ‘f' is '0' then the next 
instruction is skipped. 

If bit 'b' is ‘O' then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed instead, making this a 2 cycle 
instruction. 


' 
4(2) 


HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE ° 


Before Instruction 


PC = address HERE 
After Instruction 

if FLAG<1>=0, 

PC=address TRUE 

if FLAG<1>=1, 

PC=address FALSE 
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BTFSS 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


CALL 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


Bit Test, skip if Set 
[ label} BTFSS f,b 


0<f<127 
O<b<7 


skip if (f<b>) = 1 
None 


1lbb | bette | £fFE 


If bit ‘b' in register ‘f' is '1' then the next 
instruction is skipped. 

If bit 'b' is '1', then the next instruction 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead, making this a 2 cycle 
instruction. 


, 
1(2) 


HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE * 


Before Instruction 


PC = address HERE 
After Instruction 

if FLAG<1>=0, 

PC=address FALSE 

if FLAG<1>=1, 

PC=address TRUE 


Subroutine Call 
[ label] CALL k 
0<k<2047 


(PC)+ 1— TOS, 
k — PC<10:0>, 
(PCLATH<4:3>) — PC<12:11> 


None 


Okkk | kkkk | kkkk 


Subroutine call. First, return address 
(PC+1) is pushed onto the stack. The 
eleven bit immediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PC are loaded from PCLATH. 
CALL is a two cycle instruction. 


1 
2 


HERE CALL THERE 


Before Instruction 
PC = 
HERE 

After Instruction 
PC = 
THERE 
TOS= Address 
HERE + 1 


Address 


Address 


CLRF 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


CLRW 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


Clear f 
[/abel] CLRF f 
0<f<127 


OOh —> f 
1>Z 


Z 
00 0001 | 1fff | £ffE 


The contents of register ‘f' are cleared 
and the Z bit is set. 


1 
1 
CLRF FLAG_REG 


Before Instruction 


FLAG_REG = Ox5A 
After Instruction 
-FLAG_REG = 0x00 
Z = | 
Clear W Register 
[ label] CLRW 
None 
00h > (W) 
1Z 
Z 


W registered is cleared. Zero bit (Z) is 
set. 


1 
1 
CLRW 
Before Instruction 
W = Ox5A 
After Instruction 


W = 0x00 
Zs 1 


© 1995 Microchip Technology Inc. 


DS30390A-page 647 





PIC16C7X 





CLRWDT 
Syntax: 

Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


COMF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Clear Watchdog Timer 
[ label] CLRWDT 
None 


00h — WDT 

0 — WDT prescaler, 

1—TO 

1— PD 

TO, PD 

[20 [0000 | oso [oi00 


CLRWDT instruction resets the 
watchdog timer. It also resets the 
prescaler of the WDT. Status bits TO 
and PD are set. 


1 
1. 
CLRWDT 

Before Instruction 
WDT counter = ? 

After Instruction 
WDT counter = 0x00 
WDT prescale = 0 
TO = 1 
PD = | 


Complement f 

[ label] COMF fd 
0<f<127 

de [0,1] 

(f) + (dest) 

Z 


| 00 { 1001 affe | £fff 


The contents of register ‘f' are comple- 
mented. If ‘d’ is 0 the result is stored in 
W. If ‘d' is 1 the result is stored back in 
register ‘f'. 


| 
1 
COMF REG1,0 
Before Instruction 
; REG1 = 0x13 
After Instruction 
REGi. = £Ox13 
W = OxEC 


DECF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


DECFSZ 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


Decrement f 


- [label] DECF f,d 


O<f<127 
de [0,1] 


(f)-1 — (dest) 
Z 


[oo [oot aree [eer | 


Decrement register '‘f’. If ‘d’ is 0 the 
result is stored in the W register. If ‘d'’ 
. 1 the result is stored back in register 
1 
1 

DECF CNT, 


Pp 


Before Instruction 


CNT = 0x01 

Zz = OQ 
After Instruction 

CNT = 0x00 

Z = 1 


Decrement f, skip if 0 


[ abel} DECFSZ f,d 


O0<f<127 
de [0,1] 


(f)-1-d; 
None | ; 


| 00 | 1022 afte | £fff 


The contents of register 'f' are decre- 
mented. If 'd' is O the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register 'f'. If the result is 
0, the next instruction, which is already 
fetched, is discarded. A NOP is executed 
instead making it a two cycle instruction. 


1 


skip if result = 0 


1(2) 
HERE DECFSZ CNT, 1 
GOTO LOOP 
CONTINUE « 


e 


e 


Before Instruction 


PC = address HERE 
After Instruction 

CNT = CNT-1 

if CNT = OQ, 

PC = address CON- 
TINUE 

if CNT e. 0 

PC = address 
HERE+1 
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GOTO 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


INCF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Unconditional Branch 
[ labe!] GOTO k 
0<k < 2047 


k > PC<10:0> 
(PCLATH<4:3>) — PC<12:11> 
None 

10 kkk | kkkk kkkk 
GOTO is an unconditional branch. 
The eleven bit immediate value is 
loaded into PC bits <10:0>. The upper 
bits of PC are loaded from 


PCLATH<4:3>. GOTO is a two cycle 
instruction. 


1 
2 
GOTO THERE 


After Instruction 


PC = #£Address THERE 


Increment f 
[labe/] INCF f,d 
O<f<127 

de [0,1] 

(f) + 1 — (dest) 

Z 


| 00 | 1010 affe | f£fE 


The contents of register ‘f' are incre- 
mented. If ‘d' is 0 the result is placed 
in the W register. If ‘d' is 1 the result is 
placed back in register 'f". 


4 
1 
INCF CNT, 1 


Before Instruction 


CNT =  OxFF 

Zz = 0 
After Instruction 

CNT = 0x00 

Z = 1 


INCFSZ 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 


Description: 


Words: 
Cycles: 
Example 


lIORLW 

Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Increment f, skip if 0 

[label] INCFSZ f,d 
0<f<127 

de [0,1] 

(f) + 1 — (dest), skip if result = 0 
None 


00 TAI AOaree ffff 
a ee eS | 





The contents of register 'f' are incre- 
mented. If ‘d' is 0 the result is placed 
in the W register. If ‘d' is 1 the result is 
laced back in register ‘f'. 
f the result is 0, the next instruction, 
which is already fetched, is decre- 
mented. A NOP is executed instead 
making it a two cycle instruction. 


1 


1(2) 
HERE INCFSZ CNT, 1 
GOTO LOOP 
CONTINUE - 


Before Instruction 


PC = address HERE 
After Instruction 

CNT = CNT+1 

if CNT= 0, 

PC = address coN- 
TINUE 

if CNT# 0, 

PC = address HERE 
+1 


Inclusive OR Literal with W 
[label] IORLW k 
0<k<255 

(W) .OR. (k) > (W) 

Z 


1000 | kkkk | kkkk 


The contents of the W register are 
OR’ed with the eight bit literal 'k'. The 
result is placed in the W register. 


1 
1 
IORLW 0x35 


Before Instruction 


W = Ox9A 
After Instruction 
W = OxBF 


EN BE Ge Aa SE OIE PS ca NE TT ES EP OL IS ED eA RE EE ES ET TS ET PS ES AE CEE] 
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Operation: 
Status Affected: 
Encoding: 
Description: 


MOVLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 


Description: 


Words: 


Cycles: 
Example 


PIC16C7X 


Inclusive OR W with f 
[label] IORWF fd 
0<f<127 

de [0,1] 

(W) .OR. (f) > (W) 

Z 


| 00 | 0100 affe | £ffF 


Inclusive OR the W register with regis- 


ter 'f. If ‘d’ is 0 the result is placed in 


the W register. If ‘d' is 1 the result is 
placed back in register ‘f'. 


1 
1 
IORWF RESULT, 0 
Before Instruction 
RESULT = 0x13 
W = 0x91 
After Instruction 
RESULT = 0x13 
W = Qx93 
Move Literal to W 
[ label] MOVLW k 
0<k<255 
k — (W) 


None 


The eight bit literal 'k' is loaded into W 
register. The don't cares will assem- 
ble as 0's. 


1 
{ 
MOVLW Ox5A 


After Instruction 
W = Ox5A 


MOVF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


MOVWF 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


Move f 
[label] MOVF fd 


O0<f<127 
de [0,1] 


(f) + (dest) 
Z 


| 00 | 1000 affe | fffF 


The contents of register f is moved to 
destination d. If d=0, destination is W 


_tegister. If d=1, the destination is file 


register f itself. d=1 is useful to test a 
file register since status flag Z is 
affected. 


1 
1 
MOVF FSR, 0 


After Instruction 


W = value in FSR reg- 
ister 

Move W to f 

[label] MOVWF  f 

0<f<127 

(W) — (f) 

None 


| 00 | 0000 1ffe | £EfE 


Move data from W register to register 
'f'. . | 


1 
1 
MOVWF OPTION 
Before Instruction 
OPTION = OxXFF 
W =  Ox4F 
After Instruction 
OPTION = Ox4F 
Ww : =  Ox4F 
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NOP 

Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 


Description: 
Words: 


Cycles: 
Example 





No Operation 
[ label] NOP 
None 

No operation 
None 


No operation. 
1 


1 
NOP 


RETFIE 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


RETLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 


Description: 


Words: 


Cycles: 
Example 


TABLE ADDWF PC 


Return from Interrupt 
[label] RETFIE 
None 


TOS — PC, 
1 — GIE; 


None 


00 0000 0000 1001 


Return from Interrupt. Stack is popped 
and Top of Stack (TOS) is loaded in 
the PC. Interrupts are enabled by set- 
ting the Global Interrupt Enable (GIE) 
bit. GIE is the global interrupt enable 
bit (INTCON<7>). This is a two cycle 
instruction. 


1 
2 
RETFIE 


After Interrupt 
PC 
GIE 


TOS 


Wow 
—k 


Return Literal to W 
[label] RETLW k 
O0<k<255 

k + W; TOS > PC; 
None 


The W register is loaded with the eight 
bit literal 'k'. The program counter is 
loaded from the top of the stack (the 
return address). This is a two cycle 
instruction. 


1 
2 


CALL TABLE ;W contains table 
;0ffset value 
7W now has table value 


;W = offset 
RETLW k1 ;Begin table 
RETIW k2 : 


RETLW kn ; End of table 


Before Instruction 
W = 0x07 
After Instruction 


W = __ value of k7 


SE ea aI SS I NS En I I FRE LS NE So CR ER OI 
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RETURN 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


RLF 
Syntax: 
Operands: 


Operation: 


Status Affected:: 


Encoding: 
Description: 


Words: 
Cycles: 
Example 


Return from Subroutine 


[ label] RETURN 
None 

TOS + PC; 

None 


| 00 | 0000 } 0000 | 1000 


Return from subroutine. The stack is | 
popped and the top of the stack (TOS) 
is loaded into the program counter. 
This is a two cycle instruction. 


1 
2 
RETURN 


After Interrupt 
PC = TOS 


Rotate Left f through Carry 
[label] RLF fd 


O<f<127 

de [0,1] 

See description below 
Cc 


}oo = | 1102 afff | ££f£E 


The contents of register 'f' are 
rotated one bit to the left through 
the Carry Flag. If 'd’ is 0 the result 
is placed in the W register. If 'd' is 
1 ve result is stored back in regis- 
ter 'f. 


1 
1 
RLF REG1,0 

Before Instruction 
REG1 = 11100110 
c = 0 

After Instruction 
REG1 = 11100110 
W = 11001100 
c = 1 





RRF Rotate Right f through Carry 
Syntax: [label] RRF fd 
Operands: O0<f<127 
de [0,1] 
Operation: See description below — 
Status Affected: C , 
Description: The contents of register f are rotated 
one bit to the right through the Cary 
Flag. If ‘d' is 0 the result is placed in the 
W register. If ‘dis 1 the result is placed 
back in register 'P. 
Words: 1 
Cycles: 1 
Example RRF REG1,0 
Before Instruction 
REGl = 11100110 
Cc = 0 
After Instruction 
. REG = 11100110 © 
W = 01110011 — 
C ee 4 
SLEEP 
Syntax: [label] SLEEP 
Operands: None 
Operation: 00h — WDT, 
0 — WDT prescaler 
1—>T0, © 3 
0+ PD | 
Status Affected: TO, PD a 
Description: The power down status bit (PD) 
| is cleared. Time-out status bit 
(TO) is set. Watchdog Timer and 
its prescaler are cleared. 
The processor is put into SLEEP 
mode with the oscillator 
stopped. See Section 14.8 for 
more details. 3 
Words: 1 
Cycles: 1 
Example: SLEEP 


ES ETE 
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SUBLW Subtract W from Literal SUBWF Subtract W from f 
Syntax: [/Jabel] SUBLW k Syntax: [ label | SUBWF f,d 
Operands: 0<k<255 Operands: O0<f<127 

Operation: k - (W) > (W) d = [0,1] 

Status Affected:  C, DC, Z Operation: f - (W) — (dest) 


Description: The W register is subtracted (2’s Encoding: 3007 sie aes 





complement method) from the Description: Subtract (2’s complement meth- 
eight bit literal 'k'. The result is odize W register from register 'f'. 
placed in the W register. If ‘d' is O the result is stored in 
Words: { the W register. If ‘dl is 1 the 
result is stored back in register 
Cycles: 1 ft 
Example 1: SUBLW 0x02 Words: 4 
Before Instruction Cycles: { 
- = M Example 1: SUBWF REG1,1 
KAGE NSUCIOR Before Instruction 
REG1 = 3 
C =  1;result is C = ? 
positive Aeapineteien 
Example 2: Before Instruction SE neHUSHOn 
REG1 = 1 
we. 8 W = 2 
Cc = ? . 
—: Cc = 1; result is 
After Instruction _ positive 
Ww = 0 | Example 2: Before Instruction 
zero WwW = 2 
Example 3: Before Instruction Cc = ? 
WwW = 8 After Instruction 
hf REGI = 0 
After Instruction Ww = 2 
W = FF Cc eae =  1;resultis 
C = _ 0;resultis 
negative Example 3: Before Instruction 
REG1 = 1 
WwW = 2 
Cc = ? 
After Instruction 
REG1 = FF 
W = 2. 
Cc =  Q; result is 
negative 
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SWAPF 
Syntax: 


Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 


Example 





Swap f 


[label SWAPF f,d 
] 

0<f<127 

de [0,1] 

£<0:3> > d<4:7>, 
f<4:7> —- d<0:3> 


None 


[oo [asso [ares [ree 


The upper and lower nibbles of 
register ‘f' are exchanged. If ‘d' is 
0 the result is placed in W register. 
If ‘d' is 1 the result is placed in reg- 
ister 'f. 

4 

19 


SWAP REG, 0 
F 


Before Instruction 


REG1 = OxA5 
After Instruction 

REG1 =  OxA5 

W = Ox5A 





XORLW - Exclusive OR Literal with W 
Syntax: [ label] _XORLW k 
Operands: 0<k< 255 
Operation: (W) .XOR. k > (W) 
Status Affected:  Z : | 
Description: The contents of the W register 
are XOR’ed with the eight bit lit- 
eral 'k'. The result is placed in 
the W register. 
Words: 1 
Cycles: 1 
Example: XORLW OxAF 
Before Instruction 
W =  OxB5 
After Instruction 
W = Ox1A 
XORWF Exclusive OR W with f 
Syntax: [ label] XORWF fd 
Operands: 0<f<127 
de [0,1] _ 
Operation: (W) .XOR. (f) — (dest) 
Status Affected: Z 
Description: Exclusive OR the contents of the 
W register with register ‘f’. If 'd' is 
0 the result is stored in the W reg- 
ister. If ‘d' is 1 the result is stored 
back in register ‘f'. 
Words: 1 
Cycles: 1 
Example XORWF REG 1 


Before Instruction 


REG =  OxAF 

W = OQOxB5 
After Instruction 

REG =  Ox1A 

W = OQxB5 
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16.0 DEVELOPMENT SUPPORT 


16.1 Development Tools 


The PIC16/17 microcontrollers are supported with a full 

range of hardware and software development tools: 

PICMASTER® Real-Time In-Circuit Emulator 

e PRO MATE™ Universal Programmer 

¢ PICSTART®@ Low-Cost Prototype Programmer 

e PICDEM-1 Low-Cost Demonstration Board 

¢ PICDEM-2 Low-Cost Demonstration Board 

e MPASM Assembler 

¢ MPSIM Software Simulator 

¢ C Compiler (MP-C) 

e Fuzzy logic development system 
(fuzzyTECH®—MP) 


16.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator pro- 
vides the product development engineer with a com- 
plete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura- 
tion is shown in Figure 16-1. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 386 and better machines. The development 
software runs in the Microsoft Windows™ 3.x environ- 
ment, allowing the operator access to a wide range of 
supporting software and accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The AT 
platform and Windows 3.x environment was chosen to 
best make these features available to you, the end user. 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


e Host-Interface Card 

¢ Emulator Control Pod 

e Target-Specific Emulator Probe 

e PC Host Emulation Control Software 


The Windows 3.x operating system allows the devel- 
oper to take full advantage of the many powerful fea- 
tures and functions of the PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


PC-Host emulation control software takes full advan- 
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.x1, two or more PICMASTER emula- 
tors can be run simultaneously on the same PC making 
development of multi-microcontroller systems possible 
(e.g., a system containing a PIC16CXX processor and 
a PIC17CXX processor). 


The PICMASTER probes currently meet the specifica- 
tions shown in Table 16-1. 


FIGURE 16-1: PICMASTER SYSTEM CONFIGURATION 


QO 
Windows 3.x | ° 
© 


Common Interface Card 
PC Compatible Computer 





ine 
Power Supply 
(Optional) 


| Interchangeable 
a Emulator Probe 


Logic Probes 
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TABLE 16-1: PICMASTER PROBE SPECIFICATION 







| PROBE 





















PICMASTER Probe| Devices Supported 
| | |. Frequency | Voltage 
PROBE-16D _| PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and 
, PIC16CR58A 
| _PROBE-16E_|PICi6céa CTC MHz S| 4 V5 
| PROBE-16H__| PIC16C620, PIC16C621 andPICi6ce22,— | IO MHz | 4.5 -5.5V 
PIC17C42 





* PROBE-16F indirectly supports the PIC16C65. 
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16.3. PRO MATE: Universal Programmer 


The PRO MATE Universal Programmer is a full-fea- 
tured programmer capable of operating in stand-alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable Vop and VpP sup- 
plies which allows it to verify programmed memory at 
VDD min and VoD max for maximum reliability. It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand- 
aione mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect bits in this 
mode. 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. PC based 
user-interface software makes using the programmer 
simple and efficient. The user interface is full-screen 
and menu-based. Full screen display and editing of 
data, easy selection of fuse configuration and part type, 
easy selection of VDD min, VDD max and VpP levels, 
load and store to and from disk files (Intel® hex format) 
are some of the features of the software. Essential 
commands such as read, verify, program and blank 
check can be issued from the screen. Additionally, 
serial programming support is possible where each 
part is programmed with a different serial number, 
sequential or random. 


The PRO MATE has a modular “programming socket 
module.” Different socket modules are required for dif- 
ferent processor types and/or package types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PiC17CXX processors. 


16.4 PICSTART Low-Cost Development 
System 


The PICSTART programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS-232) ports. A PC-based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. PICSTART is not recommended for pro- 
duction programming. 


16.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 


The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip’s microcontrol- 
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro- 
controllers provided with the PICDEM-1 board, ona 
PRO MATE or PICSTART-16B programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. Addi- 
tional prototype area is available for the user to build 
some additional hardware and connect it to the micro- 
controller socket(s). Some of the features include an 
RS-232 interface, a potentiometer for simulated analog 
input, push-button switches and eight LEDs connected 
to PORTB. | 


16.6 PICDEM-2 Low-Cost PIC1I6CXX 
Demonstration Board 


The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard- 
ware and software is included to run the basic 
demonstration programs. The user can program 
the sample microcontrollers provided with the PIC- 
DEM-2 board, on a PRO MATE programmer or PIC- 
START-16C, and_ easily test firmware. The 
PICMASTER emulator may also be used with the PIC- 
DEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi- 
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter- 
face, push-button switches, a potentiometer for simu- 
lated analog input, a Serial EEPROM to demonstrate 
usage of the I?C bus and separate headers for connec- 
tion to and LCD module and a keypad. 
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16.7 Assembler (MPASM) 


The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It.supports all microcontroller series includ- 
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami- 
lies. 


MPASM offers full featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third panty 
programmers. 


MPASM allows full symbolic debugging from 
the Microchip Universal Emulator System 
(PICMASTER). 


MPASM has the following features to assist in develop- 
ing software for specific use applications. 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

e Macro Assembly Capability 

e Provides Object files, Listing files, Symbol files 

and special files required for debugging with one 

of the Microchip Emulator systems. 

Supports Hex (default), Decimal and Octal source 

and listing formats. 


MPASM provides a full feature directive language rep- 
resented by four basic classes of directives: 


e Data Directives control the allocation of memory 

and provide a way to refer to data items symboli- 

cally, by meaningful names. 

Listing Directives control the MPASM listing dis- 

play. They allow the specification of titles and 

sub-titles, page ejects and other listing control. 

Control Directives permit sections of condition- 

ally assembled code. 

e Macro Directives control the execution and data 
allocation within macro body definitions. 


16.8 Software Simulator (MPSIM) © 


The MPSIM Software Simulator allows code develop- 
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 


TABLE 16-2: 







DEVELOPMENT SYSTEM PACKAGES 
4. |PICMASTERSysten System PICMASTER In- | PICMASTER In-Circuit Emulator with PRO MATE Programmer, Assembler, _| Emulator with PRO MATE Programmer, Assembler, 
Software Simulator, Samples, and your choice of Target Probe, 
2. | PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 
3. | PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro- 
grammer, Assembler, Simulator 


examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 
radix can be set by the user and the execution can be 
performed in single step, execute until break or ina 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software: Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 


16.9 C Compiler (MP-C) 


The MP-C Code Development System is a complete 'C' 
compiler and integrated development environment for 
Microchip’s PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display 
(emulator software versions 1.13 and later). 


The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can- 
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 


16.10 Fuzzy Logic Development System 
(fuzzyTECH-MP) 


fuzzyTECH-MP fuzzy logic development tool comes in 
two versions: a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design, and a 
full-featured fuzzyTECH-MP Edition for implementing 
more complex systems. 


Both versions include Microchip’s fuzzyLAB™ demon- 
stration board for hands-on experience with fuzzy logic 
systems implementation. 


16.11 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-2. 
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17.0 ELECTRICAL CHARACTERISTICS FOR PIC16C74 AND PIC16C73 


Absolute Maximum Ratings t 


Ambient temperature Under DiaS.............. ce csssscscescecceeeceecseteeeecsesseaeecensesssaeesseeccessaaeeneseeeceeeecceueceeseeeounsenetes .-55 to+ 125°C 
DIORA TOMI CAS rovers of ewer avecaanehecievucenuite sielidced duoctecedetaraconatoaaevessarideanssngaantatendeenaed auneiwivedehy -65°C to +150°C 
Voltage on any pin with respect to Vss (except VDD and MCTR) uu... ce ceeeeecssceeeseeceressesaeesseeeees -0.6V to VDD +0.6V 
Vollage on VOD: Wi TOSDOCE IO; VSS. s5ccs coco cacovccavetteccessuewawasa tn teasantrctese sees GohdedsJoeet eaehiaendsnueaesaaceseca nee eeeuee ee 0to+7.5V 
Voltage on MCLR with respect to VSS (Note 2) ..o.ccccccccccsscsccscsecsssscsssecsscssssesesensssceesessacsesesasseseseecaeesteesseenees 0to+14V 
qotal: Dowel Dissipation: (NOG 1) cicsdccscace y anictianecvarstoerteetauete Goa teat ee esa eee. 1.0W 
Maximurn Current OULOF VSS POW crises. doss cae etsseestngsaescnsetictomne vonuens cede owenutinencsenwausan ua ssussat toca ers peacauiicauaanenmnees 300mA 
Maxis CuIrentintO: VOD PIT aicaticethat vec cee Race exe ca hes vata ceases lect caaaaatcaadavventanaeece ween ear ceeeceueon eae 250mA 
lnput-clamp current; Wic(Vi<O: OF Vis VDD) ccs ccssssadecassteshoncasnvckezsesceizassacetesedtests dace uensssieuueediesbaaiasecoesniaaysdgienesdelessidanieiediieaan 420mA 
Output clamp current, IOK (VO <O Of VO>VDD)...........ccccccscesscsssssscsscscsceseccesssenscensesssesecesecssesseesceuceacsacsnssesessceenssnsceassacsnsess 420mA 
Maximum Output Current sunk by anny I/O pin oo... ccccesstesesseeceececeeeecnaenseeceaeeecauceeceesesenceaeeeeeeeeeeesseaeeaseaeegsonseees 25mA 
Maximum Output Current sourced by any I/O Pin).............cccccccccccceeeeeececeeceeeceeceeceaeacaaeeaesaseuseeseieaseseeseeeeetseneeeeeeeeeeees 25mA 
Maximum Current sunk by PORTA, PORTB, and PORTE (Combined) TT ...............ccccecccccccececeeccessesseseeceenceeseneeeeeeas 200mA 
Maximum Current sourced by PORTA, PORTB, and PORTE (combined) T...................::::sssssssseecesesesseeeeeeeeseseesens 200mA 
Maximum Current sunk by PORTC and PORTD (Combined) ...............cccssssesceececeenceeseseesceceecseeececeseeeeeeeaeecenanaeeaa 200mA 
Maximum Current sourced by PORTC and PORTD (COMbINE)TT ...............::cecceccceeaeeeneeeeecaceeceeeeceeeeeeteeeeseeaeeasanses 200mA 


Note 1: Power dissipation is calculated as follows: Pdis = VopD x {IDD - ©) 10H} + > {(VDD-VoH) x IOH} + &(Vol x IOL) 


Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling 
this pin directly to Vss. 





TABLE 17-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


PIC16C74-04 PIC16C74-10 PIC16C74-20 PiC16LC74-04 
PIC16C73-04 PIC16C73-10 PIC16C73-20 PIC16LC73-04 


RC | Vpp: 4.0V to 6.0V 
pp: 5mMA Max. at 5.5V 
IPD: 214A Max. at 4V WDT dis 
Freq: 4MHz Max. 
Vpbb: 4.0V to 6.0V 
Ipp: 5mA Max. at 5.5V 
IPD: 21.A Max. at 4V WDT dis 
Freq: 4MHz Max. 


Voo: 4.5V to 5.5V Vo: 4.5V to 5.5V 
lob: 30mA Max. at 5.5V ID: 30mA Max. at 5. 5V 


Do not use in HS mode 


Freq: 20MHz Max. ‘| Freq: 20MHz Max. 

Voo: 3.0V to 6.0V 

Inb: 48u.A Max. at 32 KHz, 3.0V 
IPD: 13.5A Max. at 3.0V WDT dis 
Q Freq: 200KHz Max. 

The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 
tions. It is recommended that the user select the device type that guarantees the specifications required. 


Do not use in LP mode Do not use in LP mode 
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17.1. DC Characteristics: PIC16C74-04 (Commercial, Industrial, Automotive) 
PIC16C74-10 (Commercial, Industrial, Automotive) 
PIC16C74-20 (Commercial, Industrial, Automotive) 
PIC16C73-04 (Commercial, industrial, Automotive) 
PIC16C73-10 (Commercial, Industrial, Automotive) 
PIC16C73-20 (Commercial, Industrial, Automotive 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 
DC CHARACTERISTICS -40°C <TA<+ 85°C for industrial and 
0°Cc < TA < +70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V 


ae eee [Typt|Max[Units| Conditions 


Supply Voltage VDD 4.0 V |XT, RC and LP osc configuration 
4.5 V_ |HS osc configuration 
RAM Data Retention VDR 1.5 V_ | Device in SLEEP mode 
Voltage (Note 1) 
VbDD start voltage to VPOR Vss V_ | See section on power-on reset for details 
guarantee Power-On Reset | 
VDD rise rate to guarantee Svpp | 0.05* V/ms | See section on power-on reset for details 
Power-On Reset 


Supply Current (Note 2, 5) 5 mA | XT, RC, osc configuration (PIC16C74-04) 
Fosc = 4 MHz, VDD = 5.5V (Note 4) 


52.5 | 105 LP osc configuration (PIC16C74-04) 
Fosc = 32 KHz, VDD = 4.0V, WDT disabled 


HS osc configuration (PIC16C74-20) 
Fosc = 20 MHz, VDD = 5.5V 


Power Down Current (Note 3, 5) ; Vpp=4.0V, WDT enabled,-40°C to +85°C 
Vpp=4.0V, WDT disabled,-0°C to +70°C 

Vob=4.0V, WDT disabled,-40°C to +85°C 
Vpp=4.0V, WDT disabled,-40°C to +125°C 
LP osc, VDD=2.5V, Sleep Mode, 
TMR1 External Clock=32KHz, Commercial 
LP osc, Vop=2.5V, Sleep Mode, 
TMR1 External Clock=32KHz, Industrial 





These parameters are characterized but not tested. 

t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: This is the limit to which Vo can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as |/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for all DD measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all I/O pins tristated, pulled to Vob. 
MCLR = Vpp; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vgg. 

4: For RC ose configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 
mula Ir = Vob/2Rext (mA) with Rext in kOhm. 

5: Timer oscillator (when enabled) adds approximately 20,A to the specification. This value is from characterization and is for 
design guidance only. This is not tested. 
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17.2 DC Characteristics: PIC16LC74-04 (Commercial, Industrial, Automotive) 
PIC16LC73-04 (Commercial, Industrial, Automotive) 
















Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 
DC CHARACTERISTICS -40°C <TA<-+ 85°C for industrial and 
0°C < TA < +70°C for commercial 
cea canee voltage VDD = 3.0V to 6.0V 


[——Gharestoee[ sym | win | tot [wa] nts] "Contos 


Sree Voltage LP osc configuration 
3. 0 


XT, RC osc configuration (DC - 4MHz) 


RAM Data Retention Voltage VDR 1.5* V_ | Device in SLEEP mode 
(Note 1) 
VDD start voltage to guarantee | VPOR Vss See section on power-on reset for details 
Power-On Reset 
VoD rise rate to guarantee Svpp | 0.05* V/ims | See section on power-on reset for details 
Power-On Reset 
Supply Current (Note 2, 5) mA | XT, RC osc configuration 
FOSC = 4 MHz, VDD = 3.0V (Note 4) 
22.5 | 48 | wA |LP osc configuration 
Fosc = 32 KHz, VDD = 3.0V, WDT disabled 


Vpp=3.0V, WDT enabled,-40°C to +85°C 
Vpp=3.0V, WDT disabled,0°C to +70°C 
Vpp=3.0V, WDT disabled,-40°C to +85°C 
Vpp=3.0V, WDT disabled,-40°C to +125°C 



























<< 

































Power Down Current (Note 3, 5) 


These parameters are characterized but not tested. 
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: This is the limit to which Vop can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for all IDD measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all 1//O pins tristated, pulied to Vop. 
MCLR = Vop; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedance state and tied to Vop and Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 
mula Ir = Vob/2Rext (mA) with Rext in kOhm. 

5: Timeri oscillator (when enabled) adds approximately 20,A to the specification. This value is from characterization and is for 
design guidance only. This is not tested. 
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17.3. DC Characteristics: . PIC16C74-04 (Commercial, Industrial, Automotive) 

PIC16C74-10 (Commercial, Industrial, Automotive) 

PIC16C74-20 (Commercial, Industrial, Automotive) 

— PIC16LC74-04 (Commercial, Industrial, Automotive) 

PIC16C73-04 (Commercial, Industrial, Automotive) 

PIC16C73-10 (Commercial, Industrial, Automotive) 

PIC16C73-20 (Commercial, Industrial, Automotive) 

PIC16LC73-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) . 
Operating temperature -40°C <TAs<+ 125°C for automotive, 


| a -40°C <TA<-+ 85°C for industrial and 
DC CHARACTERISTICS 0°C < TA < +70°C for commercial 

































Operating voltage VDD range as described in DC spec Table 17-1 and 
| Table 17-2 | 
| —S—SCCharacteristic =| Sym] Min [Typt] Max |Units| Conditions 
Input Low Voltage 
1/0 ports | 






with TTL buffer 

with Schmitt Trigger buffer 
MCLR, RA4/TOCKI,OSC1 (in RC ~ 
mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 
I/O ports 
with TTL buffer 






















4.5 < VpDD <5.5V 
‘ For entire VDD range 
i For entire VDD range 








with Schmitt Trigger buffer 
MCLR RA4/TOCKI, RC<7:4>, 
RD<7.4>INT 

RE<2:0>, OSC1 (XT, HS and LP) 
PoriB weak pull-up current [leurs | 50 | 200[ #400 
Input Leakage Current (Notes 2,3) : | 
I/O ports 

MCLR, RA4/TOCKI 

OSC1 



















uA |Vss < VPIN < VDD, Pin at hi-impedance 
uA |Vss < VPIN < VoD 
uA |Vss < VPIN < VDD, XT, HS and LP osc con 













Output Low Voltage 
I/O ports © 







loL = 8.5mA, VDD-4.5V, -40°C to +85°C 
loL = 7.0mA, VbD-4.5V, -40°C to +125°C 
loL = 1.6mA, VpD-4.5V, -40°C to +85°C 

lOL = 1.2mA, VdD-4.5V, -40°C to +125°C 









OSC2/CLKOUT 

(RC osc configuration) 
Output High Voltage 
I/O ports (Note 3) 


















IOH = -3.0MA, VDD=4.5V, -40°C to +85°C 
IOH = -2.5mA, VoD=4.5V, -40°C to +125°C 
IOH = -1.8mMA, VoD=4.5V, -40°C to +85°C 

IOH = -1.0mMA, VDD=4.5V, -40°C to +125°C 











OSC2/CLKOUT 

(RC osc configuration) 
Capacitive Loading Specs on Out- 
put Pins 

OSC2 pin 










In XT, HS and LP modes when external 
clock is used to drive OSC1. 






All I/O pins and OSC2 (in RC mode) 


Cosc2 pF 
se ss 
SCL, SDA in I2?C mode 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These | ea are for design guidance only and are not 
tested. 
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C74 be driven 

with external clock in RC mode. 

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent nor- 
mal operating conditions. Higher leakage current may be measured at different input voltages. 

3: Negative current is defined as coming out of the pin. 

4: The user may use better of the two specs. 
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FIGURE 17-2: LOAD CONDITIONS 


Load condition 2 
ca CL Xd ~ CL 
Vss Vss 


RL = 4640 


CL = 100 pF forD and E port outputs when 
used as system bus 
50 pF forall pins except OSC2 
but including D and E outputs as ports 


25pF for OSC2 output 





Note: PORTD and PORTE are not implemented on the PIC16C73. 
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FIGURE 17-3: CLKOUT AND I/O TIMING 


CLKOUT ; 


' i? ‘sli a— 12 


19) +18 2 ss 


; hg — pet —r«— 16 


‘ ' 1 ! ' 
t 


oe WILLS. NCTE: 


. ~ ees ec 


Note: Refer to Figure 17-2 for load conditions 





TABLE 17-3: CLKOUT AND /OTIMING REQUIREMENTS 


No. 


TosH2ckL | OSC1T to CLKOUT. SCs”! 
1 TosH2ckH |OSC1T to CLKOUTT | 

CLKOUT rise tine = 
3 [TekF | OLKOUT alltime ee 

4 TckL2ioV | CLKOUT J to Port out valid f 

5 

6 

7 

8 

9 

0 

1 


TosH2ioV |OSC1T (Q1 cycle) to Port out valid 


Tosh 2iol OSC1T (Q2 cycle) to Port input invalid 
(I/O in hold time) 


TioV20sH | Port input valid to OSC1T (I/O in setup 
time) 


Port output rise time 


Ns SS TioV2ckH | Port in valid before CLKOUT T 0.25 Tcy+25 | 


1 
1 
1 
1 
1 
1 
1 TckHZ2iol Port in hold after CLKOUT T 
1 
1 
1 
2 
2 


22tt INT pin high or low time 


a ae TioF Port output fall time 
23tt RB<7:4> change INT high or low time 





* 


These parameters are characterized but not tested. 
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
tt These parameters are asynchronous events not related to any internal clock edges. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 
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FIGURE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 





VpbD 


! 
i] 
t 
; en 
ae 
MCLR : : ; 
t 
'<— 30 > 
Internal ’ ; 
POR 
\<-—— 33 ——_>, : ( 
PWAT 
Timeout ; a9 
' 
i : ¢ 
‘ 1 
OSC 
Timeout : 
i 
Internal 
RESET 


Watchdog 
Timer 
RESET 








Note: Refer to Figure 17-2 for load conditions 


TABLE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


TIMER REQUIREMENTS 
Parameter Characteristic Typt Conditions 
No. 


[20 | inet [RETR Pucewiom tom [sD | — =5y 
31 Twdt | Watchdog Timer Timeout Period rid 18 33* ms | VDD = 5V, -40°C to +125°C 
(No Prescaler) 
Oscillation Start-up Timer Period ee 1024 Tosc | fms | Tosc = OSC1 period 


3 
Low 


These parameters are characterized but not tested. 
Tt Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. : 
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FIGURE 17-5: TIMERO AND TIMER1 CLOCK TIMINGS 


| 
| 
| 
| 
a 47 ——____—___» + 48 ——>| 


MEN: Fe 


Note: Refer to Figure 17-2 for load conditions. 





TABLE 17-5: TIMERO AND TIMER1 CLOCK REQUIREMENTS 


TtOH |TOCKI High Pulse Width 0.5 Tey + 20° Se 
a Prescaler a ae ee eel 
TOCKI Low Pulse Width 0.5 TcY + 20° eS 


LL lcm I ee cl a 
ak TOCKI Period cae v+ 40* i oe ae oe value 
(1, 2, 4, ..., 256) 

Synchronous, No Presealer | OBTev 20 | —[— [Fa | 

Synchronous, WAhPrescaler [1° [— [= | ne 


salt T1CKI High Time 
synchronous «| Tey = | — | ae 
TtiL |TiCKI Low Time |Synchronous, No Prescaler 0.5Tcy + 20° at ee Be) 
Synchronous, With Prescaler se == 
Asynchronous 2 nae Sa 


ae oe ssa Kad Ke endl a) 
1, 2, 4,8) 


Asynchronous 4 | 4 Tey | 


eset fp et —— 

oscillator enabled by setting the T1OSCEN bit) | 

[48 | Texeairl [Delay rom external clock edge to timer Increment | 2Tose [= |rTosel = 
- These parameters are characterized but not tested. 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
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FIGURE 17-6: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2) 
RC1/T1CKO/CCP2 


and RC2/CCP1 
(Capture Mode) 


RC1/T1CKO/CCP2 


and RC2/CCP1 j, 
(Compare or 

t 
( 


PWM Mode) ; 





53 >! t- 


Note: Refer to Figure 17-2 for load conditions. 





TABLE 17-6: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2) 


Parameter Characteristic Min Typt Conditions 
No. 
Tec |CCP1 and CCP2 0.5 Toy +2 
input low time With Prescaler P10 | 


51 TcecH |CCP1 and CCP2 0.5 Tcy + 20 
input high time With Prescaler a 
a N = prescale value 
























Store| =| — 

10 | 
ee 
CCP1 and CCP2 input period i 
N (1,4 or 16) 
[TecR|CCPH and COPS ouputrsetime | 
[Teck |GcPtand Core ouputtaltime S| —*s amen 

These parameters are characterized but not tested. 

t  Datain “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 


tested. 
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FIGURE 17-7: PARALLEL SLAVE PORT TIMING FOR THE PIC16C74 ONLY 


RE2/CS a ey A ey Ae 








RD<7:0> 


Note: Refer to Figure 17-2 for load conditions 


TABLE 17-7: PARALLEL SLAVE PORT REQUIREMENTS FOR THE PIC16C74 ONLY 


No. 


p62 TdtV2wrH | Data in valid before WRT or CST (setup time) | 20 | — | 
| 3 TwrH2dtl {WRT or CST to data-in invalid (hold time) | 20 | — | 















TrdL2dtV.§ IRD and CS! to data—out valid Ne Bed 
TrdH2dti |RDT or CSL to data—out invalid a 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 





a a) 
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FIGURE 17-8: SPI MODE TIMING 





TABLE 17-8: SPI MODE REQUIREMENTS 


Parameter Sym 


No. 
TssL2scH, SSJ to SCKL or SCKT input Tcy 
TssL2scl 
CY 


SCK input high time (slave mode) 
SCK input low time (slave mode) 


TdiV2scH, Setup time of SD! data input to SCK T 

TdiV2scL edge 

SDO data output rise time 

SDO data output fall time 

| 77 «(| TssH2doZ | SSLtoSDO outputhi-impedance | 10 | — | 50_ 


| =o 78si«dTTscR sid SCK output rise time (master mode) 
| 79si«d'TscF OC SCK output fall time (master mode) 


TscH2doV, SDO data output valid after SCK 
TscL2doV edge 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 





TscL2diL edge 
7 
7 
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FIGURE 17-9: I*C BUS START/STOP BITS TIMING 


START | STOP 
Condition Condition 


Note: Refer to Figure 17-2 for load conditions 





TABLE 17-9: I7C BUS START/STOP BITS REQUIREMENTS 


Parameter Sym Characteristic 
No. 
Tsu:sTA |START condition 100 KHZ mode 4700 
Setup time 400 KHzmode —_| 600 | 


fo 

Rot 

THD:sTA |START condition 4000 ta 
Te tine [aooRF as — wo | — 
Eel 

ea 

maa 

aa 





Conditions 


Only relevant for repeated START 




















condition 


je After this period the first clock 


pulse is generated 


Oo 


92 Tsu:sto |STOP condition 100 KHZ mode 470 
Setup time 400 KHz mode | 600 | 
STOP condition 100 KHz mode 4000 


Hold time 400 KHz mode 
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FIGURE 17-10: IC BUS DATA TIMING 





103 > ¢- bf OO! > '¢ 102 

, v4 | ' ‘4 

7 <= 10 7 

SCL iN | ‘ ie 

' yl i 1 po EEE CU, ity 

90 1 ' i , : 

pede oe 106<—h ! 

! ! '¢— > 107 
1 4 4 t 1 1 ' 
en ee cf : “at Pcie | 
SDA a ye ees ee 
1 Se eee y : 
! — 110 

ma 109 “¢— 109—> 








OUT 
Note: Refer to Figure 17-2 for load conditions 


TABLE 17-10: I@C BUS DATA REQUIREMENTS 


Parameter Sym Characteristic Conditions 
No. 
Clock high time 


100 THIGH 100 KHz mode 4.0 ar 
400 KHz mode PIC16C74 must operate ata 
minimum of 10 MHz 
SSP Wodule | 15 Tev | = | 


minimum of 1.5 MHz 
eee imam 10M 
minimum of 10 MHz 
| SSP Medien 3 NO ee ee Nee et 
SDAandSClrise | TOOKHe mods [| ooo fs 
20+0.1 Cb 


time Cb is specified to be from 
10-400 pF 
SDAandSOL feline | TOKRAmode [| — | of ef 
| 10-400 pF 


Tsu:sta {START condition 100 KHz mode ee ae Se Only relevant for repeated 
setup time 400 KHz mode ae ee ee START condition 


pe bgaoRRemeae tte} t= — ang this period ie first clock 
time 400 KHzmode [ 06 | us | Pulse is generat 
106 THD:DAT | Data input hold time 100 KHz mode | 
107 Tsu:DAT |Data input setup time | 100 KHz mode 
92 Tsu:sto |STOP condition setup | 100 KHz mode 
109 ae Output valid from 100 KHz mode 
ene 


oa 
pend 
[ieee ee 
Reo 
ee 
eel 
ed 


250 
100 


aN 
N 


cael 


Time the bus must be free 
before a new transmission 


=| 
wo] N 


AA 
TBUuF | Bus free time 100 KHz mode 
400 KHz mode Le) 

Bus capacitive loading 400 pF 

Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) of the 
falling edge of SCL to avoid unintended generation of START or STOP conditions. 

2: A fast-mode |?C-bus device can be used in a standard-mode I?C-bus system, but the requirement tsu;DAT2250ns must then 

be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device 


does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line TR 
max.+tsu;DAT=1000+250=1250ns (according to the standard-mode |?C bus specification) before the SCL line is released. 





re 
a 
as 
re 
re 
a 
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FIGURE 17-11: SCI MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING 


pin aes - . 


i a 121 _ Lat — 121 





RA4/RX/DT 
pin 


i e120 


Note: Refer to Figure 17-2 for load conditions 


Parameter | Sym Characteristic 
No. | | 
120 tckH2dtV | SYNC XMIT (MASTER & SLAVE) 
Clock high to data out valid 
21 tckrf Clock out rise time and fall time (Master 
Mode) 
22 


1 
tdtrf Data out rise time and fall time 


t: Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 





FIGURE 17-12: SCI MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING 


RA5/TX/CK 
pin 


RA4/RX/DT 
pin 


Note: Refer to Figure 17-2 for load conditions 





TABLE 17-12: SERIAL PORT SYNCHRONOUS RECEIVE REQUIREMENTS 


ee ee eed 
No. 


125 tdtV2ckl SYNC RCV (MASTER & SLAVE) 
Data hold before CK J (DT hold time) 15 
tkL2at[Datahoid ater KT (Thome, | [—[ — [rf 


t: | Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
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TABLE 17-13: A/D CONVERTER CHARACTERISTICS: 
PIC16C74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C74-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C73-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C73-10 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C73-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE 























10.0 


Parameter Characteristic Typt Conditions 
No. 
| NR | Resolution — | 8bits | — | VREF = VoD = 5.12V, Vss < AIN < VREF 
Nint | Integral error = lessthan | — | VREF = Vop = 5.12V, Vss < AINS VREF 
+1 LSb 
Noir | Differential error less than VREF = VoD = 5.12V, Vss < AIN < VREF 
+1 LSb 
Nes_ | Full scale error less than VREF = Vob = 5.12V, Vss < AIN < VREF 
+1 LSb 
NorF | Offset error less than VREF = VDD = 5.12V, Vss < AIN < VREF 
+1 LSb 
[| Merotoniety [guaranteed [| — [Wess AnsVaer 
-_ -_ 


yA | Average current consumption when 
A/D is on. (Note 1) 
(Note 2) 


1 mA _ | During sampling 
1 | pA |All other tines 
These parameters are characterized but not tested. 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: When A/D is off, it will not consume any current other than minor leakage current. The power down current spec includes any 
such leakage from the A/D module. 
2: VREF current is from RA3 pin or VDD pin, whichever is selected as reference input. 


ZAIN | Recommended 
impedance of analog 
voltage source 


rent (VDD) 


180 





VREF input current imo 
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TABLE 17-14: A/D CONVERTER CHARACTERISTICS: 
PIC16LC74-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C73-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Characteristic _ Typt. | Conditions : 
No. . 


[NA [Resolution abs VaeF = Voo = 8.0V (Note 


NiNT j Integral error VREF = VDD = 3.0V (Note1) 


less than 
+1 LSb 



























_ Nor | Differential error 
Ee his aa 


less than 
+1 LSb 


less than 
+1 LSb 
less than 
+1 LSb 
[= [Menetoriaty [guaranteed [ 
Reference vohlage | 30V | — | Voo+0a | 
-_ hd 
IAD =| A/D conversion cur- 
rent (VDD) 
IREF | VREF input current 
(Note3) 
* These parameters are characterized but not tested. 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: These specifications apply if VREF = 3.0V and if VoD 2 3.0V. Vin must be between Vss and VREF 
2: When A/D is off, it will not consume any current other than minor leakage current. The power down current spec includes 
any such leakage from the A/D module. 
3: VREF current is from RAS pin or VoD pin, whichever is selected as reference input. 


VREF = VOD = 3.0V (Note1) 


VREF = VDD = 3.0V (Note1) 
NorrF | Offset error _ _VREF = VoD = 3.0V (Note1) 


Vss < AIN < VREF 





Recommended 
impedance of ana- 





log voltage source 
uA | Average current consumption when 
A/D is on. (Note2) 
| During sampling 
All other times 


Ba} state] fy all § 








ww 
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FIGURE 17-13: A/D CONVERSION TIMING 


BSF ADCONO, GO X 


— | |j<«— (tosc/2)§ 
Q4 


1 
i] 
1 


AID CLK «—1325, 


AD DATA C7 Xe Xs Xe*XsX2zX1 Xo) 


OLD_DATA NEW_DATA : 


GO 
SAMPLE SAMPLING STOPPED 


§: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. 
This allows the sleep instruction to be executed. 





TABLE 17-15: A/D CONVERSION REQUIREMENTS 


Parameter Characteristic Typt 
No. 
130 TAD 


A/D clock period 1.6 VREF23.0V 
VreF full range 


A/D Internal RC ADCS1,0 = 11 (RC oscillator 
Oscillator source source) 


PIC16LC74 
PIC16C74 


Conversion time 
(not including S/H 
time)(Note 1) 


Sampling time —_ The minimum time is the amplifier 
settling time. This may be used if 
the “new” input voltage has not 
changed by more than 1LSb (i.e. 
20mV @ 5.12V) from the last sam- 
pled voltage (as stated on CHOLD). 





These parameters are characterized but not tested. 
Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: ADRES register may be read on the following Tcy cycle. 
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NOTES: 
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18.0 DC AND AC 
CHARACTERISTICS GRAPHS 
AND TABLES FOR PIC16C74 
AND PIC16C73 


Not Available at this time. 
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NOTES: 
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19.0 ELECTRICAL CHARACTERISTICS FOR PIC16C71 


Absolute Maximum Ratings t 


Ambient temperature Under Dia... ce ccccsesssssseesceeeseesesecessescensnteuseseeceesseeseaeauseeaeesecanseseseusesaeeasaesouaass 55 to+ 125°C 
SIGlAGS FOND OLA Sas poo sais aoe rca era atauticctving es Since escnondacs mehadaacainesdaaesaec menue ase aaa -65°C to +150°C 
Voltage on any pin with respect to Vss (except Vop and MCLR) uw Matty aR aot -0.6V to VDD +0.6V 
Voltage On VDD with respect to VSS oo... cece ceescsseceeeneececeeceeesseseseesenseseseseancesseensecsnesescsessssesessessneaseseeeseceeeees 0to+7.5V 
Voltage on MCLR with respect to VSS (Note 2) o..c.ccccccecececessssessscesssccscscsusesecsssecsssessusessesesaseceaneneseecsnesssseeneess Oto+14V 
Totalipower Dissipaliott: (NOGA) css) ccovieiceceedelaccced scars Mawes ossimaenecwiseevavas seeoosessiansdestavaedadevaonantacavpaeaatetesi Geawe tees 800mW 
Maximus: Current OU Of VSS. IE scscishcdeccantertewoseemca vusuan ce anaepuasioeven desc wis ves ote caeunaeaderastieeia ete dvenede ies eas 150mA 
MAXIMUM CUIENE ILO VOD PUNY ascseiascsieyssecp nc tieecneainceacsounsaaelegstoseasdaacbandeaneees cada aie ctetaesaseenbonamvsucaasnsewcuandeanstaearsdancalece 100mA 
inputclamp current): IK CVI<O OF Vis VOD) ss icesscessssczsescecccstcesaven casvssexacdveladeceaciaccsacesswassesssesucbsudsdasveasosdawassepvepousesesveadeduscesaics +20mA 
Output clamp current, IOK (VO <O OF VO>VDD).u..u..eeecccscssscesececesssesscscssseesscssestenssersesssssesensosessseaceccssecseecnesenesesecsecseees +20mA 
Maximum Output Current sunk by any VO pin ou... ceecccceeeeccceceesceeceesescesececenseeceeceseeseaeeaecseseeececeesaeesecceeeeceeeseus 25mA 
Maximum Output Current sourced by any I/O Pin................ceeessseesssestecceececsssnsaceeaesaeeenceceecesesceecsisaeaaeausanaasanaueeeseseeees 20mA 
Maximuby Current sunk by PORTA 3 jfssects. cto ic ssisecaveraceada les uaaaevent acces ucaeecea naecxoao news ea 80mA 
Maximum Current sourced by PORTA .............ccccccccccceccessensesesececceeeceseeceseseesesssseeseneseseescasenceseeceeseeeececeeeeausauausanseeasogs 50mA 
Maximum. Cutrent- Sank Dy PORT Biccicck cel ticccacaciceczastapiadsoxlccta nina cca vanancoadoesvtavnee saca.wal taateeedycasvane tease a Ganvagececantectas 150mA 
Maximum: Current Sourced by POR PB. osc. 25c reitinesdicadevicesdeSataasiwnenasvuwadernslvaatetandeadiervessavsasasssavuaisandiedoeralaseesbeeacee 100mA 


Note 1: Power dissipation is calculated as follows: Pdis = VbD x {IDD - ¥ IOH} + © {(VDD-VOH) x IOH} + (Vol x IOL) 


Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than pulling 
this pin directly to Vss. 








TABLE 19-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


OSC 16C71-04 16C71-20 16LC71-04 


RC Vpp: 4.0V to 6.0V 
IpD: 3.3mMA Max. at 5.5V 
IPD: 144A Max. at 4V WDT dis 
Freq: 4MHz Max. 


XT Vpbb: 4.0V to 6.0V 
IDD: 3.3MA Max. at 5.5V 
IPD: 144A Max. at 4V WDT dis 
Freq: 4MHz Max ao 


HS EME D: 4.5V to 5.5V 
dd: 30mA Max. at 5.5V 


Do not use in HS mode 


:| Freq: 2OMHz Max. 
LP VDD: 3.0V to 6.0V 
IDD: 32u.A Max. at 32 KHz, 3.0V 
IPD: 931A Max. at 3.0V WDT dis 
Freq: 200KHz Max. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 
tions. It is recommended that the user select the device type that guarantees the specifications required. 


Do not use in LP mode 
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19.1 DC CHARACTERISTICS: — PIC16C71-04 (Commercial, Industrial, Automotive) 
PIC16C71-20 (Commercial, Industrial, Automotive) 
















Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 
DC CHARACTERISTICS . 40°C sTAs+ 85°C for industrial and 

0°Cc < TA < +70°C for commercial 
Operating voltage VDD = 4.0V to 6.0V ; 


























Characteristic Sym [Min [Typt|Max[Units] Conditions 

Supply Voltage Vop 4.0 6 V_ |XT, RC and LP osc configuration 
45 5 V_ _1|HS osc configuration | 

RAM Data Retention VDR V_ | Device in SLEEP mode 
Voltage (Note 1) 
VDD start voltage to — VPOR Vss V_ | See section on power-on reset for details 
guarantee Power-On Reset . 
VDD rise rate to guarantee SvDD See section on power-on reset for details 
Power-On Reset | 


Supply Current (Note 2) 





HS osc configuration (PIC16C7 1-20) 
Fosc = 20 MHz, VoD = 5.5V 


Vpp=4.0V, WDT enabled,-40°C to +85°C 
Vpp=4.0V, WDT disabled,-0°C to +70°C 
Vpp=4.0V, WDT disabled,-40°C to +85°C 
Vpp=4.0V, WDT disabled,-40°C to +125°C 


8 | 3.3 FOScC = 4 MHz, VDD = 5.5V (Note 4) 
LP osc configuration (PIC16LC71-04) 
Fosc = 32 KHz, VDD = 4.0V, WDT disabled 


0 
5 
Vims 
mA 
70 | pA 
30 | mA 
28 | WA 
14 | WA 
16 | pA 
20 | HA 
_* These parameters are characterized but not tested. . 


t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for all |IDD measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all /O pins tristated, pulled to VoD 
MCLR = Vop; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VoD and Vgg. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 
mula Ir = VbbD/2Rext (mA) with Rext in kOhm. . 
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19.2 DC CHARACTERISTICS: PIC16LC71-04 (Commercial, Industrial, Automotive) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature -40°C <TA<+ 125°C for automotive, 
DC CHARACTERISTICS 40°C <TA<+ 85°C for industrial and 
00°C <TA < +70°C for commercial 
Operating voltage VDD = 3.0V to 6.0V 


Sym] Min [Typt [Max] Units| ___—_—Condiions 


[Supply Volage __—_[voo | 60] - [60] V |XT,RO,andLP osc configuration 


RAM Data Retention Voltage VDR - 1.5 - Device in SLEEP mode 
(Note 1) 


VDD start voltage to guarantee | VPOR See section on power-on reset for details 
Power-On Reset 
VDD rise rate to guarantee SvDD | 0.05* V/ms | See section on power-on reset for details 
Power-On Reset 
Supply Current (Note 2) Fosc = 4 MHz, VoD = 3.0V (Note 4) 

Fosc = 32 KHz, VDD = 3.0V, WDT disabled 


Power Down Current (Note 3) Vpb=3.0V, WDT enabled,-40°C to +85°C 
VpbD=3.0V, WDT disabied,0°C to +70°C 
Vpb=3.0V, WDT disabled,-40°C to +85°C 


Vpb=3.0V, WDT disabled,-40°C to +125°C 





These parameters are characterized but not tested. 

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: This is the limit to which Vpp can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin loading and 
switching rate, oscillator type, internal code execution pattern, and temperature also have an impact on the current con- 
sumption. 

The test conditions for all lbD measurements in active operation mode are: 
OSC 1=external square wave, from rail to rail; all 1//O pins tristated, pulled to Vpp 
MCLR = Vop; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is measured with the 
part in SLEEP mode, with all I/O pins in hi-impedence state and tied to Vop and Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be estimated by the for- 
mula Ir = Vpb/2Rext (mA) with Rext in kKOhm. 
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19.3 DC CHARACTERISTICS: PIC16C71-04 (Commercial, Industrial, Automotive) 
PIC16C71-20 (Commercial, Industrial, Automotive) 
PIC16LC71-04 (Commercial, Industrial, Automotive) 
Standard Operating Conditions (unless otherwise stated) 


Operating temperature -40°C <TAs+ 125°C for automotive, 
| -40°C <TAS+ 85°C for industrial and 
DC CHARACTERISTICS °C < TA < +70°C for commercial 
Operating voltage VDD range as described in DC spec Table 19-1 and 
| | Table 19-2 








Input Low Voltage 
I/O ports 

with TTL buffer 

with Schmitt Trigger buffer 
|IMCLR, RA4/TOCKI,OSC1 (in RC 
mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 
I/O ports (Note 5) 
with TTL buffer 



















V_ iNote1 


VIH 
V |4.5 < VpD <5.5V 
Otherwise for entire VDD range 
For entire VDD range 



















with Schmitt Trigger buffer 














MCLRRA4/TOCKL V 
OSC1 (XT, HS and LP) : V_ {Note 
PortB weak pull-up current VDD = 5V, VPIN = Vss | 


Input Leakage Current (Notes 2, 3) 
I/O ports 

MCLR, RA4/TOCKI 

OSC1 


Output Low Voltage 
1/O ports 





loL = 8.5mA, VbD-4.5V, -40°C to +85°C 
loL = 7.0mA, VpD-4.5V, -40°C to +125°C 
loL = 1.6mA, VbDD-4.5V, -40°C to +85°C 

loL = 1.2mA, VobD-4.5V, -40°C to +125°C 








OSC2/CLKOUT 
(RC osc configuration) 
Output High Voltage 
I/O ports (Note 3) 





VOH IOH = -3.0mA, VoD=4.5V, -40°C to +85°C 
IOH = -2.5mA, VoD=4.5V, -40°C to +125°C 
IOH = -1.8MA, VoD=4.5V, -40°C to +85°C 


IOH = -1.0mMA, Vob=4.5V, -40°C to +125°C 






OSC2/CLKOUT _ 
(RC osc configuration) 


Capacitive Loading Specs on Out 

put Pins 

OSC2 pin Cosc2 
All 1/O pins and OSC2 (in RC mode)| Cio 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the PIC16C71 be driven 

with external clock in RC mode. 

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels represent nor- 
mal operating conditions. Higher leakage current may be measured at different input voltages. 

3: Negative current is defined as coming out of the pin. 

4: The user may use better of the two specs. 

5: PIC16C71 Rev. AINT pin has a TTL input buffer. PIC16C71 Rev. B INT pin has a Schmitt trigger input buffer. 


In XT, HS and LP modes when external 
clock is used to drive OSC1. 
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19.4 Timing Parameter Symbolo 


The timing parameter symbols have been created following one of the following formats: 


1. TppS2ppS 
2. TppS 
T 
F Frequency 
Lowercase subscripts (pp) and their meanings: 
Pp 
cc CCP1 
ck CLKOUT 
cs cs 
di SDI 
do SDO 
at Data in 
io I/O port 


MCLR 





Fall 

High 

Invalid (Hi-impedance) 
Low : 


output access 
Bus free 


DATA input hold 
STA START condition 


3. TCC:ST 
4.Ts 


T 


(I°C specifications only) 
(I°C specifications only) 


Time 


OSC1 

RD 

RD or WR 
SCK 

Ss 

TOCKI 
T1CKI 
WR 


Period 

Rise 

Valid 
Hi-impedance 


High 
Low 


Setup 


STOP condition 





ES ERS SP SSPE I SESS SPS ESS DETTE SESS SSE ESA ESSEC ESS ES SA AS A SES TPR PA ES RASTER EN 
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19.5 Timing Diagrams and Specifications 


FIGURE 19-1: EXTERNAL CLOCK TIMING 





TABLE 19-2: EXTERNAL CLOCK TIMING REQUIREMENTS 


External CLKIN Frequency XT and RC osc mode 
(Note 1) : HS osc mode (PIC16C71-04, 
PIC16C71-04) 
HS osc mode (PIC16C 71-20) 
LP osc mode 
Oscillator Frequency RC osc mode 
(Note 1) XT osc mode 
HS osc mode (PIC16C71-04, 
PIC16C71-04) 
HS osc mode (PIC 16C 71-20) 
External CLKIN Period XT and RC osc mode 
(Note 1) HS osc mode (PIC 16C71-04, 
PIC 16C71-04) 


HS osc mode (PIC16C71-20) - 
| LP osc mode 
Oscillator Period RC osc mode 
(Note 1) XT osc mode | 
HS osc mode (PIC16C71-04, 
PIC 16C71-04) 
HS osc mode (PIC 16C71-20) 





LP osc mode 
Tey 

TosL, | Clock in (OSC1) High or Low Time XT oscillator 

TosH 2.5 LP oscillator 

10 HS oscillator 

TosR, | Clock in (OSC1) Rise or Fall Time 25 XT oscillator 

TosF 50 LP oscillator 

15 HS oscillator 

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. . 


Note 1: Instruction cycle period (TcY) equals four times the input oscillator time base period. All specified values are based on char- 
acterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con- 
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC1 pin. 

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 19-2: LOAD CONDITIONS 


Load condition 2 
CL ra aalke 


qe Pin ar a 
v v 


CL 


Vss Vss 





RL = 464 


CL = 50pF forall pins except OSC2 
25 pF for OSC2 output 
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FIGURE 19-3: CLKOUT AND I/O TIMING 






<— 


CLKOUT \; 
we 13 Cs 
' , 19! ~<e-] , ‘ 

‘—o—p-, 14 ae as —r><a— 16 


“a UU’ Mijn 


<< —17 > 


1§——_———+ | 


I/O Pin 


(output) new value 


old value ye , 
—e! i 20,21 | ; 


Note: Refer to Figure 19-2 for load conditions. 


TABLE 19-3: CLKOUT AND I/OTIMING REQUIREMENTS 


No. 


} 
2 
3 
4 
5 
6 Port in hold after CLKOUT T 
7 
8 
9 
0 
1 


1 
1 
1 
1 
1 
OSC1T (Q1 cycle) to Port out valid 
1 
1 
2 
2 


t 









Conditions 


re [Note 






















+ 
w 
O 


TosH2iol OSC1T (Q2 cycle) to Port input invalid 
(I/O in hold time) 
TioV20sH | Port input valid to OSC1T (I/O in setup TBD 
time) | 


| 20, Tio Port output rise time 
aor Pot ott ene 
z 


° These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
tt These parameters are asynchronous events not related to any internal clock edges. 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc 


me - =, 
io) oa] cS 
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FIGURE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 


Voo ) 
— 
MCLR x \ / 
! 1 
Internal 
POR \ (C 
i 44 
<—_ 33 emer oh ! ( 
PWRT i ! 
Timeout 30 
<> Ke 
ae en t ) 
OSC 
Timeout 
a eS ee | 
Internal \ 
RESET 





Watchdog 
Timer 
RESET 


/O Pin » 


Note: Refer to Figure 19-2 for load conditions. 


TABLE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


TIMER REQUIREMENTS 
ed he it he te ca 


TmcL |MCLR Pulse Width (low) | 200 Vp = 5V, -40°C to +125°C 
i VDD = SV, -40°C to +125°C 
Oscillation Start-up Timer Period 


Twdt | Watchdog Timer Timeout Period T 33* 

lind ed 

| | 1024 Tose) | ms | Tosc = OSC1 period 
34 roe Impedance from MCLR ae 100 aa 


. These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 











= 
co) 




















30 
31 
32 
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FIGURE 19-5: TIMERO CLOCK TIMINGS 


RA4/TOCKI 


Note: Refer to Figure 19-2 for load conditions. 





TABLE 19-5: TIMERO AND TIMER1 CLOCK REQUIREMENTS 


No. 


TOCKI High Pulse Width 0.5Tcy+20°| — | — | ns_ : 
4 















With Prescaler | 10" | — | — | ns_ 
1 TtOL | TOCKI Low Pulse Width 0.5 Tey + 20° | — | — | ns | 
wih Presealor [| 10" | — 


42 TtOP | TOCK! Period [cy + 40* N = prescale value 
N (2, 4, ..., 256) 


. These parameters are characterized but not tested. 


t  Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. | 
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TABLE 19-6: A/D CONVERTER CHARACTERISTICS: 
PIC16C71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 
PIC16C71-20 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


Typt el Conditions 


| Bbits | — | VREF = VOD = 5.12V, Vss < AIN S$ VREF 


less than VREF = VoD = 5.12V, Vss < AIN < VREF 
+1 LSb 


NoiF | Differential error — less than — | VREF = VoD = 5.12V, Vss < AIN < VREF 


+1 LSb 
Full scale error Lo eel VREF = VDD = 5.12V, Vss < AIN $ VREF 
+1 LSb 


ho 
Offset error less than i VREF = Vop = 5.12V, Vss < AIN < VREF 
+1 LSb 


Analog input vlage veer [Vv 


ZAIN | Recommended 10.0 KQ 
impedance of analog 
voltage source 
IAD | A/D conversion cur- 180 uA | Average current consumption when 
rent (VDD) A/D is on. (Note 1) 
mA 
yA 


IREF | VREF input current 1 
(Note 2) 40 
These parameters are characterized but not tested. 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: When A/D is off, it will not consume any current other than minor leakage current. The power down current spec includes any 
such leakage from the A/D module. 
2: VREF current is from RAS pin or VoD pin, whichever is selected as reference input. 


During sampling 
All other times 
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TABLE 19-7: A/D CONVERTER CHARACTERISTICS: 
PIC16LC71-04 (COMMERCIAL, INDUSTRIAL, AUTOMOTIVE) 


No. a | a. | 


NA [Resolution = [__VaEF= Veo = 80V Wate 


NintT | Integral error less than VREF = VDD = 3.0V (Note1) 
+2 LSb 
Noir | Differential error less than VREF = VDD = 3.0V (Note) 
+2 LSb 
NFs_ | Full scale error less than 
+2 LSb 
NorF | Offset error less than VREF = VDD = 3.0V (Note1) 
+2 LSb | 




























VREF = VoD = 3.0V (Note1) 


Monotonicity | guaranteed | — | Vss < AIN < VREF 
Reference voltage 30V | — | Von+03] V 
Analog input voltage VREF 


ZAIN | Recommended 10.0 KQ 
impedance of ana- 
log voltage source 
laD_~—| A/D conversion cur- uA | Average current consumption when 
rent (VDD) . A/D is on. (Note2) 
VREF input current 1 A During sampling 
(Note3) 10 A All other times 


These parameters are characterized but not tested. 
+ Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
Note 1: These specifications apply if VREF = 3.0V and if VoD 2 3.0V. Vin must be between Vss and VREF . 
2: When A/D is off, it will not consume. any current other than minor leakage current. The power down current spec includes 
any such leakage from the A/D module. 
3: VREF current is from RA3 pin or Vpp pin, whichever is selected as reference input. 






3 





c 


* 
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FIGURE 19-6: A/D CONVERSION TIMING 


BSF ADCONO, GO X 


——| (<«— (tosc/2) § 


Q4 








' —' 130 ‘at ——— 
AID CLK «—1925, 


AID DATA Xz Xe KsX4eKs K2eXKt Xo ) 

















ADRES ; OLD_DATA NEW_DATA : 

ADIF te 52 ) 

GO DONE 
SAMPLE SAMPLING STOPPED can 





§: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. 
This allows the sleep instruction to be executed. 


TABLE 19-8: A/D CONVERSION REQUIREMENTS 


No. 


130 TaD | A/D clock period 2.0 ro | pS 
130 Tad | A/D Internal RC 
Oscillator source 

3.0 6.0 Us 

2.0 4.0 us 


Tcnv | Conversion time 10 TAD 
(not including S/H 
sha 1) 


rT = i 


These parameters are characterized but not tested. 
Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

Note 1: ADRES register may be read on the following Tcy cycle. 





Conditions 


ADCS1,0 = 11 (RC oscillator 
source) 































PIC16LC71 
PIC16C71 









The minimum time is the amplifier 
settling time. This may be used if 
the “new” input voltage has not 
changed by more than 1LSb (i.e. 
20mV @ 5.12V) from the last sam- 
pled voltage (as stated on CHOLD). 









© 1995 Microchip Technology Inc. DS30390A-page 2-693 





PIC16C7X 





NOTES: 
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20.0 DC AND AC FIGURE 20-2: TYPICAL RC OSCILLATOR 
CHARACTERISTICS GRAPHS FREQUENCY vs Vop 
AND TABLES FOR PIC16C71 
(ONLY) 


The graphs and tables provided in this section are for 
design guidance and are not tested or guaranteed. In 
some graphs or tables the data presented are outside 
specified operating range (e.g. outside specified VDD 
range). This is for information only and devices are 
guaranteed to operate properly only within the specified 
range. 


The data presented in this section is a statistical sum- 
mary of data collected on units from different lots over 
a period of time. ‘Typical’ represents the mean of the 
distribution while ‘max’ or 'min' represents (mean + 3s) 
and (mean - 3s) respectively where s is standard devi- 
ation. 


~~ 
N 
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FIGURE 20-1: TYPICAL RC OSCILLATOR 
FREQUENCY vs 
TEMPERATURE 





Rext = 10K 
Cext = 100pF 


FIGURE 20-3: TYPICAL RC OSCILLATOR 
FREQUENCY vs Vpp 


Fosc (Mhz) 





VDD (Volts) 
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FIGURE 20-4: TYPICAL RC OSCILLATOR . TABLE 20-1: RC OSCILLATOR 
FREQUENCY vs Vpp FREQUENCIES 


Cext Rext 
Fosc @ 5V, 25°C 


4.7K 4.52MHz /{+17.35% | 
10k 2.47 MHz +10.10% 
100k 290.86 KHz |+11.90% 


1.92 MHz 
1.48 MHz 
788.77 KHz 
88.11 KHz 


726.89 KHz 
573.95 KHz 
307.31 KHz 
33.82 KHz |+11.24% 


The percentage variation indicated here is part to part 
variation due to normal process distribution. The varia- 
tion indicated is +3 standard deviation from average 
value for VDD = 5V. 
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FIGURE 20-6: TYPICAL IPp vs Vop 
WATCHDOG TIMER 
ENABLED 25°C 


VDD (Volts) 





FIGURE 20-5: TYPICAL IPD vs Vop 
_ WATCHDOG TIMER 
DISABLED 25°C 


Ipd (uA) 


VbD (Volts) 





0 
30 35 40 45 50 55 60 
Vod (Volts) 
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FIGURE 20-7: MAXIMUM IPD vs Vppb FIGURE 20-8: MAXIMUM [Ppp vs Vop 
WATCHDOG DISABLED WATCHDOG ENABLED* 

Maximum 

Maximum 


~ Vb (Volts) _ 





*Ipd, with watchdog timer enabled, has two compo- 
Vop (Volts) nents: The leakage current which increases with higher 
temperature and the operating current of the watchdog 
timer logic which increases with lower temperature. At 
-40°C, the latter dominates explaining the apparently 
anomalous behavior. 





FIGURE 20-9: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs Vop 


VTH (Input threshold voltage) of I/O 


Max (-40°C to 85°C) 


— 


VTH (volts) 


T Min (- -40°C to 85°C) 


=a 


VDD (volts) 
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FIGURE 20-10: Vin, Vit OF MCLR, TOCKI AND OSC1 (IN RC MODE) vs Vop 





Vin, Vit (Volts) 


C) 


Vit, Max (-40°C a 
Vit, Min (-40°C to 85°C) 


5.5 6.0 


Vpbb (Volts) 


Note: These input pins have Schmitt trigger input buffer. 


FIGURE 20-11: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP MODES) 
vs VDD 
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VobpD (Volts) 
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FIGURE 20-12: TYPICAL Ipp vs FREQ (EXT CLOCK, 25°C) 
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FIGURE 20-13: MAXIMUM 
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FIGURE 20-14: MAXIMUM IpD vs FREQ WITH A/D OFF (EXT CLOCK, -55° TO +125°C) 


en a Sanna 
Sn oa 8 era oe eo ee 


aa ee Ge Serine 
=anece wee = 
y tor | | I ALI 
imam wZ Zee 
Sa ~<A a a 


<0>7/ A 
2, laa oe A | 


L- 


AY \ 
AGS 


ail 


LEMME TP 
SS) een eee 





100000 . 1000000 10000000 100000000 
Freq. (Hz) 
FIGURE 20-15: WDT TIMER TIME-OUT FIGURE 20-16: TRANSCONDUCTANCE (GM) 


PERIOD vs Vppb | OF HS OSCILLATOR vs Vpp 
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FIGURE 20-17: TRANSCONDUCTANCE (GM) FIGURE 20-19: IOH VS VOH, VDD = 3V 
OF LP OSCILLATOR vs Vppb 


VDD (Volts) 





FIGURE 20-18: TRANSCONDUCTANCE (GM) 
OF XT OSCILLATOR Vs Vop 
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FIGURE 20-21: loL vs VOL, VDD = 3V 
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TABLE 20-2: INPUT CAPACITANCE* 
| [18L PDIP | 18L SOIC 

Raped 80a 
MOLR 
OSC1/CLKN 40  |35 | 
OSC2/CLKOUT 

a2 i2e 
“All capacitance values are typical at 25°C. A part to 


part variation of +25% (three standard deviations) 
should be taken into account. 
















— 
= 
mS) 
io) 








DS30390A-page 2-702 


© 1995 Microchip Technology Inc. 


PIC16C7X 





21.0 PACKAGING INFORMATION 


For Package Dimensions please refer to the Packaging Section of the Data Book. 
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21.1 Package Marking Information 


18-Lead PDIP Example 


MMMMMMMMMMMMM 


| ) PIC16C71-04/P 
DO) XXXXXXXXXXXXXAXX —- 





A\ AABBCDE R\ 9452CBA 


18-Lead SOIC Example 


MMMMMMMMMM PIC16C71 | 
XXXXXXXXXKXKXX -20/50 
XXXXXXXXXXXXK 


© & AABBCDE © AS} 9447CBA 





18-Lead CERDIP Windowed Example 


MMMMMM 


) & [ XXXXXXXX 


AABBCDE 


PIC16C71 
/JW 
945/CBT 





28-Lead PDIP (Skinny DIP) Example 


MMMMMMMMMMMM PIC16C73-10/SP 
XXXXXXXXXXKXKXKXKX | 
D eS AABBCDE © D O AABBCDE O 


KX MicrocHiP O KX MICROCHIP 


Microchip part number information 

Customer specific information* 

Year code (last 2 digits of calender year) 

Week code (week of January 1 is week '01’) 

Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 

S = Tempe, Arizona, U.S.A. 

Mask revision number for microcontroller 

Assembly code of the plant or country of origin in which 
part was assembled. 


In the event the full Microchip part number cannot be marked on one 
line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information. 





* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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Package Marking Information (Cont'd) 


28-Lead SOIC Example 


MMMMMMMMMMMMMMMM PIC16C73-10/SO 


XXXXXXXXXXXKXKXKXXKXKXKK 





0 KX AABBCDE 
28-Lead CERDIP Windowed Example 


MMMMMMMMM 
P KX [| XXXXXXXXXXX 


AABBCDE 


PIC16C73/SJ 





AABBCDE 





40-Lead PDIP Example 


MMMMMMMMMMMMMM PIC16C74-04/P 
XXXXXXXXXXXXXXXXXX 
9512CAA C) 


AABBCDE 
O K MiIcROCHIP O KX MICROCHIP 





40-Lead CERDIP Windowed Example 


MMMMMMMMM PIC16C74/JW 


KX XXXXXXXXXXX 
XXXXXXXXKXXX 


Pan 


meno” AABBCDE eae" AABBCDE 





Legend: MM...M = Microchip part number information 
XX...X Customer specific information* 
AA Year code (last 2 digits of calender year) 
BB Week code (week of January 1 is week '01’) 
C Facility code of the plant at which wafer is manufactured. 


C = Chandler, Arizona, U.S.A. 
S = Tempe, Arizona, U.S.A. 


Dy Mask revision number for microcontroller 
E Assembly code of the plant or country of origin in which 
part was assembled. 
Note: In the event the full Microchip part number cannot be marked on one 


line, it will be carried over to the next line thus limiting the number of 
available characters for customer specific information. 


* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 
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Package Marking Information (Cont’d) 


44-Lead PLCC 


MICROCHIP 


MMMMMMMM 


O XXKKXXXKXKXKX 
XXKKKXKXKXXX 
AABBCDE 


Example 


MICROCHIP 


PIC16C74 


O -10/L 


AABBCDE |. 





44-Lead MQFP 
Ss 
MMMMMMMM 


XXXXXKXKKKX 
XXXKXXXKKXX 


6 AABBCDE 


Example 


S 
PIC16C74 
-10/PQ 





O AABBCDE 


Microchip part number information 
Customer specific information* 
Year code (last 2 digits of calender year) 
Week code (week of January 1 is week '01’) 


Facility code of the plant at which wafer is manufactured. 
C = Chandler, Arizona, U.S.A. 
S = Tempe, Arizona, U.S.A. 


Mask revision number for microcontroller 





Assembly code of the plant or country of origin in which 
part was assembled. 


In the event the full Microchip part number cannot be marked on one 
line, it will. be carried over to the next line thus limiting the number of 
available characters for customer specific information. 


* Standard OTP marking consists of Microchip part number, year code, week code, 
facility code, mask revision number, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales Office. 
For QTP devices, any special marking adders are included in QTP price. 


-DS30390A-page 2-706 © 1995 Microchip Technology Inc. 





APPENDIX A: 


The following are the list of modifications over the 


PIC16C5X microcontroller family: 


1. 


2 


10. 


11. 


12. 


13. 
14. 
15. 


16. 


17. 


Instruction word length is increased to 14 bit. 
This allows larger page sizes both in program 
memory (4K now as opposed to 512 before) and 
register file (192 bytes now versus 32 bytes 
before). 


A PC high latch register (PCLATH) is added to 
handle program memory paging. PA2, PA1, PAQ 
bits are removed from status register. 

Data memory paging is redefined slightly. Status 
register is modified. 


Four new instructions have been added: 
RETURN, RETFIE, ADDLW, and SUBLW. 

Two instructions TRIS and OPTION are being 
phased out although they are kept for compati- 
bility with PIC16C5x. 

OPTION and TRIS registers are made address- 
able. 

Interrupt capability is added. Interrupt vector is 
at 0004h. 

Stack size is increased to 8 deep. 

Reset vector is changed to 0000h. 

Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Reg- 
isters are reset differently. 

Wake up from SLEEP through interrupt is 
added. 

Two separate timers oscillator start-up timer 
(OST) and power-up timer (PWRT) are included 
for more reliable power-up. These timers are 
invoked selectively to avoid unnecessary delays 
on power-up and wake-up. 

PortB has weak pull-ups and interrupt on 
change feature. 

RTCC pin is also a port pin (RA4) now. 

FSR is made a full eight bit register. 

“In system programming’ is made possible. The 
user can program PIC16CXX devices using only 
five pins: Vbbp, Vss, /VPP, RB6 (clock) and RB7 
(data in/out). 

PCON status register is added with a 
Power-on-Reset (POR) status bit. 

Code protection scheme is enhanced such that 
portions of the program memory can be pro- 
tected, while the remainder is unprotected. 
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APPENDIX B: COMPATIBILITY 


To convert code written for PIC16C5X to PIC16CXX, 
the user should take the following steps: 


1. 


Remove any program memory page select 
operations (PA2, PA1, PAO bits) for CALL, 
GOTO. 


Revisit any computed jump operations (write to 
PC or add to PC, etc.) to make sure page bits 
are set properly under the new scheme. 
Eliminate any data memory page switching. 
Redefine data variables to reallocate them. 
Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


Change reset vector to 0000h. 
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APPENDIX C: WHAT’S NEW 


The format of this data sheet has been changed to be 
consistent with other product families. This ensures that 
important topics are covered across all PIC16/17 fami- 
lies. Here is an overview list of new features: 


e Data Sheet Structure / Outline 
e Section on Table Read and Table Writes 


APPENDIX D: WHAT’S CHANGED 


To make software more portable across the different 
PIC16/17 families, the name of several registers and 
control bits have been changed. This is so that control 
bits that do the same function, have the same name 
(regardless of processor family). Care must still be 
taken, since they may not be in the same special func- 
tion register. The following shows the register and bit 
names that have been changed: 


TABLE 21-1: REGISTER NAME 
CHANGESBIT NAME 
CHANGES 

[OLD NAME _[NEWNAME __ 












RTE 
RTS 
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Peripherals 











Features 
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x : ‘S of 9 e 
PIC17C42 2K | 232 FTMRO,TMA1, | 2 Yes | Yes | 11 | 33 | 4.5-5.5 | 55 /|40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 
PIC17C43* 4K | 454 TTMRO,TMRY, | 2 Yes | Yes| 11 | 33 58 |40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 
PIC17C44 25 | 8K TMRO,TMR1, Yes | Yes} 11 | 33 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR2,TMR3 


* Please contact your local sales office for availability of these devices. 
Note 1: = All PIC 16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability. 
2: The PIC17C4X devices can also operate in microprocessor and external microcontroller mode. 
3: PORTB has software-configurable weak pull-ups. 
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Features 


Peripherals 





















cies eo a oe en ee PN ERE 


2K 128 TMRO, SPI/I27C 10 2.5-6.0 28-pin SDIP, 28-pin SOIC 
TMR1, TMR2 
4K 192 TMRO, 21 SPI/2C/ 22 28- -pin SDIP, 28-pin SOIC 
TMR1, TMR2 SCI 
20 | 2K 128 TMRO, SPI/I2c | Yes a0 pm DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 


PIC16C63* 


Uv; 2 
219 
ao ;n 
Q;O 
ao | Oo 
nN] 







iv 
2 
D 
O 
oO 


4 


[peal a= [epee 
TMRi,TMR21 | scr 

}—|T™RO | 3.0-6.0 | Yes |18-pin DIP, 18-pin SOIC, 20-pin SSOP | 
Se aes ee eee [so war ane sr 
eve w fox — [ofr HY — TTT [va Fs ar fon onc 


}—|tRo | are bach | — | eee te 18-pin DIP, 18-pin SOIC 


TMRO, =a 5 ch 11 ma 28-pin SDIP, 28-pin SOIC 

TMR1, TMR2 SCI 

TMRO, SPI/l2C/| Yes | 8ch 12 | 33 40-pin DIP, 44-pin PLCC, 44-pin QFP 
TMR1, TMR2 SCI 


[io [= [ie [oe [ea frre fT — | | [| — J [os [00 | — [isp tepnsoe 


* Please contact your local sales office for availability of these devices. 
Note 1: All PIC 16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high |/O current capability. 
2: The PIC16CXX Timer has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. This allows a Real Time 
Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 
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Peripherals 









18-pin DIP, 18-pin SOIC, 20 pin SSOP 


A 
fe fasens 
[2 [28825] 39 [rein OP, 18m SOIC, 25 pn SSOP 
33 |18-pin DIP, 18-pin SOIC, 20 pin SSOP 
33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP 


2 
2 
0 
[as [rao [2 [28-628] se [ie pn Pn S016 apn SSOP 
0 
0 
2 
12 


PIC16C54A 51 }—| 25 | TMRO | 
prvecrss | 20 | — 













1 
1 
33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP 
33 |28-pin DIP, 28-pin SOIC, 28 pin SSOP 
1 3 
3 








PIC16CR57A | 20 | — 
PIC16C58A | 73 | MRO | 12 |2.5-6.25. 18-pin DIP, 18-pin SOIC, 20 pin SSOP 
7s [tro [2 [20825 


Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high |/O current 
capability. 


3 
3 
3 
3 


18-pin DIP, 18-pin SOIC, 20 pin SSOP 
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E.1 Pin Compatibility 


Devices that have the same package type and Vpp, Vss and MCLR pin locations are said to be pin compatible. This 
allows these different devices to operate in the same socket. Compatible devices may only requires minor software mod- 
ification to allow proper operation in the application socket (ex., PIC16C56 and PIC16C61 devices). Not all devices in 
the same package size are pin compatible; for example, the PIC16C62 is compatible with the PIC16C63, but not the 
PIC16C55. 


Pin compatibility does not mean that the devices offer the same features. As an example, the PIC16C54 is pin compat- 
ible with the PIC16C71, but does not have an A/D converter, weak pull-ups on PORTB, or interrupts. 


TABLE E-4: PIN COMPATIBILE DEVICES 


Pin Compatible Devices 


PIC16C61, 18 pin 
| PIC16C620, PIC16C621, PIC16C622, (20 pin) 
PIC16C71, PIC16C84, 
PIC16C54, PIC16C54A, PIC16CR54, | 
PIC16C56, PIC16C58A, PIC16CR58A 


PIC16C62, PIC16C63, PIC16C73 
PIC16C55, PIC16C57, PICI6CR57A_ 
PIC17C42, PIC17C43, PIC17C44 
PIC16C64, PIC16C65, PIC16C74 
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CONNECTING TO MICROCHIP BBS 


Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In most 
cases a local call is your only expense. The Microchip 
BBS connection does not use CompuServe member- 
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a Com- 
puServe member to take advantage of this connection 
(you never actually log in to CompuServe). 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
service allows multiple users at baud rates up to 14400 
bps. 

The following connect procedure applies in most loca- 
tions: 

1. Set your modem to 8 bit, No parity, and One stop 


(8N1). This is not the normal CompuServe set- 
ting which is 7E1. 


2. Dial your local CompuServe access number. 

3. Depress <ENTER.I> and a garbage string will 
appear because CompuServe is expecting a 
7E1 setting. 

4. Type +, depress <ENTERAI> and Host Name: 
will appear. 

5. Type MCHIPBBS, depress < ENTER.! > and 


you will be connected to the Microchip BBS. 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial 
(800) 848-4480 for 300-2400 baud or (800) 331-7166 
for 9600-14400 baud connection. After the system 
responds with Host Name:, type 


NETWORK, depress < ENTERW > 
and follow CompuServe's directions. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Trademarks: 


PICMASTER and PICSTART are registered © 
trademarks of Microchip Technology Incorporated. 
PIC is a registered trademark of Microchip 
Technology Incorporated in the U.S.A. _ 


PRO MATE, fuzzy_AB, the Microchip logo and - 
name are trademarks, and SQTP is a service mark | 
of Microchip Technology Incorporated. 


ACCESS.bus is a trademark of the ACCESS.bus 
Industry Group (ABIG). | | 


fuzzyTECH is a registered trademark of Inform 
Software Corporation. 
12C is a trademark of Philips Corporation. 


IBM, IBM PC-AT are registered trademarks of 
International Business Machines Corp. 


Pentium is a trademark of Intel Corporation. 


MS-DOS and Microsoft Windows are registered 
trademarks of Microsoft Corporation. Windows is a 
trademark of Microsoft Corporation. 


CompuServe is a registered trademark of 
CompuServe Incorporated. 


All other trademarks mentioned herein are the 
property of their respective companies. 
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READER RESPONSE 


It is our intention to provide you with the best documentation possible to ensure successful! use of your Microchip prod- 
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 


Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 


To: ~~ Technical Publications Manager Total Pages Sent 
RE: Reader Response 


From: Name 


Company 

Address 

City / State / ZIP / Country 

Telephone: ( ) Be ee 2 PANS Co. 5) ee 


Application (optional): 
Would you like areply? —_—'Y N 
Device: PIC16C7X Literature Number: DS30390A 


Questions: 


1. What are the best features of this document? 


2. How does this document meet your hardware and software development needs? 


3. Do you find the organization of this data sheet easy to follow? If not, why? 


4. What additions to the data sheet do you think would enhance the structure and subject? 


5. What deletions from the data sheet could be made without affecting the overall usefullness? 


6. Is there any incorrect or misleading information (what and where)? 


7. How would you improve this document? 


8. How would you improve our software, systems, and silicon products? 
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PiIC16C7X Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. | : 


PART NO. -XX X /XX XXX 


Pattern: 3-Digit Pattern Code for QTP (blank otherwise) 


PLCC 

PDIP 

SOIC (Gull Wing, 300 mil body) 
MQFP (Metric PQFP) 
Windowed CERDIP 

0°C to +70°C (T for tape/reel) 
—40°C to +85°C (S for tape/reel) 
—40°C to +125°C 


Package: 


Temperature 
Range: 


Frequency 04 200 KHz (PIC16C6X-04) 

Range: 04 4 MHz 
20 20 MHz 

Device: PIC16C7X :VDD range 4.0V to 6.0V 
PIC16C7XT:VDD range 4.0V to 6.0V (Tape and Reel) 
PIC16LC7X:VbDp range 3.0V to 6.0V 
PIC16LC7XT:VbD range 3.0V to 6.0V(Tape and Reel) 


Examples: 


a) PIC16C71 - 04/P 301 = Commercial temp., PDIP package, 4 MHz, normal Vbp limits, QTP pattern #301 
b) PIC16LC73 - 041/SO Industrial temp., SOIC package, 4MHz, extended Vbb limits 
c) PIC16C74 - 10E/P = Automotive temp., PDIP package, 10 MHz, normal Vbb limits 





Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office. 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 


3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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8-Bit CMOS EEPROM Microcontroller 





High Performance RISC-like CPU Features 


e Only 35 single word instructions to learn 


e All instructions single cycle (400 ns) except for 
program branches which are two-cycle 


Operating speed: DC - 10 MHz clock input 
DC - 400 ns instruction cycle 


e 14-bit wide instructions 

8-bit wide data path 

e 1K x 14 On-chip EEPROM program memory 
e 36 x 8 general purpose registers (SRAM) 

15 special function hardware registers 

e 64x 8 EEPROM data memory 

Eight-level deep hardware stack 

Direct, indirect and relative addressing modes 
Four interrupt sources: 

- External RBO/INT pin 

- TMRO timer overflow 

- PORTB<7:4> interrupt on change 

- Data EEPROM write complete 


1,000,000 ERASE/WRITE cycles - Typical 
(Data Memory) 


¢ Data Retention >40 years 
Peripheral Features 


e¢ 13 1/0 pins with individual direction control 

e High current sink/source for direct LED drive 
- 25 mA sink max. per pin 
- 20 mA source max. per pin 


¢ TMRO: 8-bit timer/counter with 8-bit programma- 
ble prescaler 


e 


Pin Configuration 





PDIP, SOIC 


RA4/TOCKI <«—e LJ3 


RBO/INT «—>LJ6 


ee, 
BA 
2 
oO 
'?) 
6 
rs 


Special Microcontroller Features 


Power-On Reset (POR) 
Power-Up Timer (PWRT) 
Oscillator Start-Up Timer (OST) 


Watchdog Timer (WDT) with its own on-chip RC 
oscillator for reliable operation 


Code-protection 
Power saving SLEEP mode 
Selectable oscillator options: 


_- RC: Low-cost RC oscillator 
- XT: Standard crystal/resonator 
- HS: High-speed crystal/resonator 
- LP: Power saving, low frequency crystal 


Serial In-System Programming (via two pins) 


CMOS Technology 


Low-power, high-speed CMOS EEPROM technol- 
ogy 

Fully static design 

Wide operating voltage range: 

- Commercial: 2.0V to 6.0V 

- Industrial: 2.0V to 6.0V 

Low power consumption: 

- <2mA @ BV, 4 MHz 

- 60 pA typical @ 2V, 32 kHz 

- 26 uA typical standby current @ 2V 
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1.0 GENERAL DESCRIPTION 


The PIC16C84 is a low-cost, high-performance, 
CMOS, fully-static, 8-bit microcontroller. All PIC16/17 
microcontrollers employ an advanced RISC-like 
architecture. PIC16C84 devices have enhanced core 
features, eight-level deep stack, and multiple internal 
and external interrupt sources. The separate 
instruction and data buses of the Harvard architecture 
allow a 14-bit wide instruction word with a separate 8- 
bit wide data bus. The two stage instruction pipeline 
allows all instructions to execute in a single cycle, 
except for program branches (which require two 
cycles). A total of 35 instructions (reduced instruction 
set) are available. Additionally, a large register set 
gives some of the architectural innovations used to 
achieve a very high performance. 


PIC16C84 microcontrollers typically achieve a 2:1 code 
compression and a 2:1 speed improvement over other 
8-bit microcontrollers in its class. 


The PIC16C84 has 36 bytes of RAM, 64 bytes of Data 
EEPROM memon, and 13 I/O pins. A timer/counter is 
also available. 


The PIC16CXX family has special features to reduce 
external components, thus reducing cost, enhancing 
system reliability and reducing power consumption. 
There are four oscillator options, of which the single pin 
RC oscillator provides a low-cost solution, the LP oscil- 
lator minimizes power consumption, XT is a standard 
crystal, and the HS is for High Speed crystals. The 
SLEEP (power-down) mode offers power saving. The 
user can wake the chip from SLEEP through several 
external and intemal interrupts and resets. 


A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software lock- 
up. 


The EEPROM program memory allows the same 
device package to be used for prototyping and produc- 
tion. In-circuit reprogrammability allows the code to be 
updated without the device being removed from the 
end application. This is useful in the development of 
many applications where the device may not be easily 
accessible, but the prototypes may require code 
updates. This is also useful for remote applications, 
where the code may need to be updated (such as rate 
information). 


Table 1-1 lists the features of the PIC16C84. 


Figure 3-1 is a simplified block diagram of the 
PIC16C84. 


The PIC16C84 fits perfectly in applications ranging 
from high speed automotive and appliance motor 
control to low-power remote sensors, electronic locks, 
security devices, and smart cards. The EEPROM 
technology makes customization of application 
programs (transmitter codes, motor speeds, receiver 
frequencies, etc.) extremely fast and convenient. The 
small footprint packages make this. microcontroller 
series perfect for all applications with space limitations. 
Low-cost, low-power, high performance, ease of use 
and 1|/O flexibility make the PIC16C84 very versatile 
even in areas where no microcontroller use has been 
considered before (e.g. timer functions, serial 
communication, capture and compare, PWM functions 
and co-processor applications). 


The in-system programming feature (via two pins) 
offers flexibility of customizing the product after com- 
plete assemble and test. This feature can be used to 
serialize a product, store calibration data, or program 
the device with the current firmware before shipping. 


1.1 Family and Upward Compatibilit 


Those users familiar with the PIC16C5X family of 
microcontrollers will realize that this is an enhanced 
version of the PIC16C5X architecture. Please refer to 
Appendix A for a detailed list of enhancements. Code 
written for PIC16C5X can be easily ported to the 
PIC16C84 (Appendix B). 


1.2 Development Support 


The PIC16CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a low-cost development programmer and a 
full-featured programmer. A “C” compiler and fuzzy 
logic support tools are also available. 
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18-pin DIP, 18-pin SOIC 


28-pin SDIP, 28-pin SOIC 


28-pin SDIP, 28-pin SOIC 


PIC16C61 20 


PIC16C62* Ff 2 


PIC 16C63* 
BPIC16C64 2 
PIC16C65 2 
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2 | SPI/2C/ 
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TWRO, SPIRC 
TMR1, TMR2 
TMRO, 
TMR1, TMR2 
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40-pin DIP, 44-pin PLCC, 44-pin QFP 









iad 40-pin DIP, 44-pin PLCC, 44-pin QFP 
ey 
<a = 
30 = frwro ves 
2 = Pras | € 12 86:60 | Yes [rep DI Tp SOIG 2p SSOP 
THRO (=| r= Pete [aoeo | = frepnoe Tepn so 
PIC16C73 2 2 | SPI/2C/ 5ch 11 | 22 | 3.0-6.0 28-pin SDIP, 28-pin SOIC 
ini ru, eee tr 
SCI 








* — *Please contact your local sales office for availability of these devices. 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high |/O current capability. 
2: The PIC16CXX Timer? has its own oscillator circuit and can operate asynchronously to the device. Timert can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. ; 
3: PORTB has software-configurable weak pull-ups. 


L-- ST@VL 


SAOIAAG AO ATINVA XXO9bLOid 


V8O99LIId 


PIC16C84 








2.0 PIC16C84 DEVICE VARIETIES 


A variety of frequency ranges and packaging options 
are available. Depending on application and production 
requirements the proper device option can be selected 
using the information in this section. When placing 
orders, please use the “PIC16C84 Product Identifica- 
tion System” on the back page of this data sheet to 
specify the correct part number. 


2.1 Electrically Erasable Devices 


All PlIC16C84 versions are electrically erasable. These 
devices are offered in the lower cost plastic package, 
even though the device can be erased and repro- 
grammed. This allows the same device to be used for 
prototype development and pilot programs as well as 
production. 


A further advantage of the electrically erasable version 
can be erased and reprogrammed in-circuit, or by 
Microchip's PICSTART™ or PRO MATE™ program- 
mers. 


2.2 Quick-Turnaround-Production (QTP) 


Devices 


Microchip offers a QTP Programming Service for fac- 
tory production orders. This service is made available 
for users who choose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices have all EEPROM locations and 
configuration options already programmed by the fac- 
tory. Certain code and prototype verification proce- 
dures do apply before production shipments are 
available. Please contact your Microchip's Technology 
sales office for more details. 


2.3 Serialized Quick-Turnaround- 
Production (SQTP=") Devices 


Microchip offers the unique programming service 
where a few user-defined locations in each device are 
programmed with different serial numbers. The serial 
numbers may be random, pseudo-random or sequen- 
tial. 


Serial programming allows each device to have a 
unique number which can serve as an entry-code, 
password or ID number. 
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3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC16C84 can be attrib- 
uted to a number of architectural features commonly 
found in RISC microprocessors. To begin with, the 
PIC16C84 uses a Harvard architecture, in which, pro- 
gram and data are accessed from separate memories. 
This improves bandwidth over traditional von Neumann 
architecture where program and data are fetched from 
the same memory. Separating program and data mem- 
ory further allows instructions to be sized differently 
than the 8-bit wide data word. Instruction opcodes are 
14-bits wide making it possible to have all single word 
instructions. A 14-bit wide program memory access bus 
fetches a 14-bit instruction in a single cycle. A two- 
stage pipeline overlaps fetch and execution of instruc- 
tions (see Example 3-1). Consequently, all instructions 
execute in a single cycle (400 ns @ 10 MHz) except for 
program branches. 


The PIC16C84 addresses 1K x 14 program memory. 
All program memory is internal. 


The PiC16C84 can directly or indirectly address its reg- 
ister files or data memory. All special function registers 
including the program counter are mapped in the data 
memory. An orthogonal (symmetrical) instruction set 
that makes it possible to carry out any operation on any 
register using any addressing mode. This symmetrical 
nature and lack of ‘special optimal situations’ make pro- 
gramming with the PIC16C84 simple yet efficient. In 
addition, the learning curve is reduced significantly. 


PIC16C84 devices contain an 8-bit ALU and working 
register. The ALU is a general purpose arithmetic unit. 
It performs arithmetic and Boolean functions between 
data in the working register and any register file. 


The ALU is 8-bits wide and capable of addition, sub- 
traction, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple- 
ment in nature. In two-operand instructions, typically 
one operand is the working register (W register), and 
the other operand is a file register or an immediate con- 
stant. In single operand instructions, the operand is 
either the W register or a file register. 


The W register is an 8-bit working register used for ALU 
operations. It is not an addressable register. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow and digit borrow out bit, respec- 
tively, in subtraction. See the SUBLW and SUBWF 
instructions for examples. 


A simplified block diagram for the PIC16C84 is shown 
iri Figure 3-1, its corresponding pin description is 
shown in Table 3-1. 
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FIGURE 3-1: PIC16C84 BLOCK DIAGRAM 


, 13 Data Bus 8 


Precen "ip . : EEPROM Data Memory 








Memory = 
EEPROM 
8 Level Stack po <=> Data Memory 


(13 bit) Aeoisisie: “| 64x8 
36 x 8 


Instruction Reg. 


S Direct Addr 


><] RA4/TOCKI 


SZ] PORTA 
RA3:RAO 


Timing Watchdog | SZ PORTB 


Generation Timer LN 


X XI LK 
OSC2/CLKOUT MCLR i vpp, Vss 
OSC1/CLKIN 
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TABLE 3-1: PiC16C84 PINOUT DESCRIPTION 


Pin Name chil PuNer Description 
Type Type 


ST/CMOS? | Oscillator crystal input/external clock source input. 


Oscillator crystal output. Connects to crystal or resonator in crystal 
oscillator mode. In RC mode, OSC2 pin outputs CLKOUT which 
has 1/4 the frequency of OSC1, and denotes the instruction cycle 













Master clear (reset) input/programming voltage input. This pin is an 
active low reset to the device. 


PORTA is a bi-directional I/O port. 














Can also be selected to be the clock input to the TMRO 
timer/counter. Output is open collector type. 


PORTB is a bi-directional I/O port. PORTB can be software pro- 
grammed for internal weak pull-up on all inputs. 


RBO/INT can also be selected as an external interrupt pin. 









Interrupt on change pin. 
Interrupt on change pin. 
Interrupt on change pin. Serial programming clock. 

Interrupt on change pin. Serial programming data. 
Ground reference for logic and I/O pins. 
Legend: {= input O = output I/O = Input/Output P = power 

— = Not used TTL = TTL input ST = Schmitt Trigger input 

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt. 

2: This buffer is a Schmitt Trigger input when used in serial programming mode. 

3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise. 
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3.1 Clocking Scheme/Instruction Cycle 
The clock input (from OSC1) is intemally divided by 


four to generate four non-overlapping quadrature | 


clocks namely Q1, Q2, Q3 and Q4. Internally, the pro- 
gram counter (PC) is incremented every Q1, the 
instruction is fetched from the program memory and 
latched into the instruction register in Q4. The instruc- 
tion is decoded and executed during the following Q1 
through Q4. The clocks and instruction execution flow 
is shown in Figure 3-2. 


FIGURE 3-2: _CLOCK/INSTRUCTION CYCLE 





3.2 Instruction Flow/Pipelining | 


An “instruction Cycle” consists of four Q cycles (Q1, 
Q2, Q3 and Q4). The instruction fetch and execute are 
pipelined such that fetch takes one instruction cycle 


while decode and execute takes another instruction 


cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) then 
two cycles are required to complete the instruction (see 
Example 3-1). | 


A fetch cycle begins with the Program Counter (PC) 
incrementing in Q1. 


in the execution cycle, the fetched instruction is latched 
into the “Instruction Register’ in cycle Q1. This instruc- 
tion is then decoded and executed during the Q2, Q3, 
and Q4 cycles. Data memory is read during Q2 (oper- 
and read) and written during Q4 (destination write). 


| Qt | Q@2 | Q3] Qs: at | G@ {Qs j asa] aiaay; ar 


Qi yy" y" nN | 
Q2 | / \ ie aca ennai! Seen ese | 


Q3 


PC 


OSC2/CLKOUT 
(RC mode) 


Fetch INST (PC 
Execute INST (PC-1) 


Internal 


hase 
Fock 


Ne ae ee ee eee 
nie | 


—— 


+ 


Fetch INST (PC+1 


Execute INST (PC Fetch INST (PC+2 


EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW 





pC Execute INST (PC+1) 


55h | Execute 1 | 
ae 


SUB_1 
PORTA, BIT3 


All instructions are single cycle, except for any program branches. These take two cycles since the fetch 
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed. 
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4.0 MEMORY ORGANIZATION 


There are two memory blocks in the PIC16C84. These 
are the program memory and the data memory. Each 
block has its own bus, so that access to each block can 
occur during the same oscillator cycle. 


The data memory can further be broken down into the 
general purpose RAM and the Special Function Regis- 
ters (SFRs). The operation of the SFRs that control the 
“core” are described here. The SFRs used to control 
the peripheral modules are described in the section dis- 
cussing each individual peripheral module. 


The data memory area also contains the data 
EEPROM memory. This memory is not directly mapped 
into the data memory, but is indirectly mapped. That is 
an indirect address pointer specifies the address of the 
data EEPROM memory to read/write. The 64 bytes of 
data EEPROM memory have the address range 0 - 
3Fh. More details on the EEPROM memory can be 
found in Section 7.0. 


4.1 Program Memory Organization 


The PIC16C84 has a 13-bit program counter capable of 
addressing an 8K x 14 program memory space. For the 
PIC16C84 only the first 1K x 14 (0000-03FFh) are 
physically implemented. Accessing a location above 
the physically implemented address will cause a wrap- 
around. For example, locations 20h, 420h, 820h, C20h, 
1020h, 1420h, 1820h, and 1C20h will be the same 
instruction. 


The reset vector is at O000h and the mermupt vector is 
at 0004h (Figure 4-1). 


FIGURE 4-1: PROGRAM MEMORY MAP 


User Memory 
Space 


AND STACK 


PC<12:0> 


CALL, RETURN 
RETFIE, RETLW 


Stack Level 1 





| = StackLevel8 sd Level | = StackLevel8 sd 


Reset Vector 
Peripheral Interrupt Vector | 0004h 
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4.2 Data Memory Organization FIGURE 4-2:.. PIC16C84 REGISTER FILE 
_ MAP 


The data memory is partitioned into two areas. The first File Address 


is the Special Function Registers (SFR) area, while the 
second is the General Purpose Registers (GPR) area. 
The SFRs control the operation of the device. 
Portions of data memory are banked. This is for both 
the SFR area and the GPR area. The GPR area is ia ae a 
banked to allow greater than 96 bytes of general pur- 


pose RAM. The banked areas of the SFR are for the 
registers that control the peripheral functions. Banking 


requires the use of control bits for bank selection. PORTA TRISA — 
These control bits are located in the STATUS Register. PORTB TRISB 

Figure 4-2 shows the data memory map organization. | 

Instructions MOVWF and MOVF can move values from EEDATA EECONT 

the W register to any location in the register file (“F’), : | 
and vice-versa. | EEADR =| EECON2(*) » 
The entire data memory can be accessed either directly PCLATH PCLATH 

or indirectly through the File Select Register (FSR) INTCON INTCON 


(Section 4.4). Indirect addressing uses the present 
value of the RP1:RPO bits for access into the banked 


areas of data memory. 46 Mapped 
Data memory is partitioned into two banks which con- PuoLe eeno 
tain the general purpose registers and the special func- registers - 

tion registers. Bank 0 is selected by clearing the RPO _ (SRAM) . 


bit (STATUS<5=>). Setting the RPO bit selects Bank 1. 
Each Bank extends up to 7Fh (128 bytes). The lower 
locations of each ‘Bank are reserved for the Special 
Function Registers. Above the Special Function Regis- 
ters are General Purpose Registers implemented as 
static RAM. (Figure 4-2) 


4.2.1. GENERAL PURPOSE REGISTER FILE 


The register file is accessed either directly, or indirectly 
through the FSR (Section 4.4). 


All devices have some amount of GPR area. The GPR 
is 8-bits wide. When the GPR area is greater then 96, 
banking must be performed to access the additional 
memory space. pane Bank 1 
* Not a physical register 


PIC16C84 devices do not have banked memory in the Unimplemented data memory location; read as ‘0’. 


GPR area. Any access to Bank 1 will cause the access 
to occur in Bank 0. That is, the MSb of the direct 
address will be ignored. 





4.2.2 SPECIAL FUNCTION REGISTERS 


The Special Function Registers are used by the CPU 
and Peripheral functions to control the device opera- 
tion. (Figure 4-2 and Table 4-1). These registers are 
static RAM. 


The special registers can be classified into two sets. 
Those associated with the “core” functions are 
described in this section. Those related to the opera- 
tion of the peripheral features are described in the sec- 
tion for that specific feature. 
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TABLE 4-1: REGISTER FILE SUMMARY 


















Value on Value on all 
Address | Name Bit 7 Power-On other resets 
Reset (Note3) 





Bank 0 


| 00h | INDF Uses contents of FSR to address data memory (not a physical register) | ---- ---- | ---- ---- | 
8-bit real-time clock/counter 
[ah [POL [Lowerdere bis ofPC—SSSCSCSC*~S*~CSSSS~*dC«8 80 0000 | 0000-0000 
[ox [erase [we [ am | mmo [ Te] PH] @ | 86 | 6 | oon sem] oor mw 
Pose [PORTA — [=| Raamrockr Ras [RAS [RAT [RAD [om xem | -——w wan 
[oem [porta [Rey | Age [Res [Ree | Res | Rea | BY | ABOINT] sooo soon | wou wu 

OF 
EEPROM address register 


[oan [rotard | — | — | — [Wits uterorppersbinoftwro! + ==-0 0000 [=o 0008 
[eek [wroN [Ge [Ee [Toe [NTE | ABIE [To [INT [ABI | c000 voox | oov0 oo00, 


Bank 1 
INDF Uses contents of FSR to address data memory (not a physical register) | ---- ---- | 


Low order 8 bis of PC 


82h CL 
Indirect data memory address pointer 0 
masa [| — [ — | — [PORTAdsadrectonregetor Sf = BD 


netetatatatatatatatatecareretecetaceptatecetststarntetotocureratererstatsteratatetatatatatParstsvatatetarstatctateretsceratatarstarecetetecerates et 5 ate tete SOOOCOOOL, DOCU U OOD OCRR OTIC 


[EECoNE [EEPROM contelegater2 Gotaphysealregte) | meee een | 


Legend: x= unknown, u = unchanged. - = unimplemented, read as '0', ? = Value depends on condition. 

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a slave register for PC<12:8>. The contents 
of PCLATH can be transferred to the upper byte of the program counter, but the contents of PC<12:8> is never trans- 
ferred to PCLATH. 

2: The TO and PD status bits in STATUS are not affected by a MCLR reset. 
3: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 





















































uuu UuuuU 






Ll11 1111 
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4.2.2.1 STATUS REGISTER Only the BCF, BSF, SWAPF and MOVWEF instructions 
should be used to alter the STATUS register because 
these instructions do not affect any status bit. 

(Table 9-2 Instruction Set Summary) 


The STATUS register contains the arithmetic status of 
the ALU, the RESET status and the bank select bit for 
data memory. 


As with any register, the STATUS register can be the 
destination for any instruction. If the STATUS register is 
the destination for an instruction that affects the Z, DC 
or C bits, then the write to these three bits is disabled. 
These bits are set or cleared according to device logic. 
Furthermore, the TO and PD bits are not writable. 
Therefore, the result of an instruction with the STATUS 
register as destination may be different than intended. 


For example, CLRF STATUS will clear the upper-three 
bits and set the Z bit. This leaves the STATUS register 
as 000u uluu (where u = unchanged). 





FIGURE 4-3: STATUS REGISTER 


RAW RWW RW RW RW Register: :  Writable 
[re [eno] ToT ro] 2 [oof] [Mee ones |e Ret 
POR value: 0001 1xxx : Unimplemented, 
bitO | TO, PD are uniquely set or cleared |  -—- read as‘0' 


C: Carry/Borrow bit 
For ADDWF and ADDLW instructions. 
1= Acarry-out from the most significant bit of the result occurred 


Note: a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low order bit 
of the source register. 


0 = No carry-out from the most significant bit of the result 
Note: For borrow the polarity is reversed. 

DC: Digit Carry/Digit Borrow bit 

For ADDWF and ADDLw instructions. 

1= Acarry-out from the 4th low order bit of the result occurred 
O= Nocarry-out from the 4th low order bit of the result 

Note: For Borrow the polarity is reversed. 


Z: Zero bit. 
1= The result of an arithmetic or logic operation is zero 
O= The result of an arithmetic or logic operation is not zero 


PB: Power Down bit 
1= After power-up or by a CLRWDT instruction 
0 = By execution of the SLEEP instruction 


TO: Time-out bit 


1= After power-up and by the CLRWDT and SLEEP instruction 
O= Awatchdog timer time-out has occurred 


RP1:RPO: Register bank select bits (for direct addressing) 


00 = Bank 0 (00h - 7Fh) 
01 = Bank 1 (80h - FFh) 
10 = Bank 2 (100h - 17Fh) 
11 = Bank 3 (180h - 1FFh) 


Each bank is 128 bytes. 

Only the RPO bit is used by the PIC16C84, RP1 should be programmed as ‘0’. 
Using the RP1 bit as a general purpose read/write bit is not 

recommended, since this may affect upward compatibility with future 

products. 


IRP: Register bank select bit (for indirect addressing) 

0 = Bank 0,1 (00h - FFh) 

1 = Bank 2,3 (100h - 1FFh) 

The IRP bit is not used by the PIC16C84. IRP should be programmed as '0". 


Use of the IRP bit as a general purpose read/write bit is not recommended, 
since this may affect upward compatibility with future products. 
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4.22.2 OPTION REGISTER 


The OPTION register is a readable and writable regis- 
ter which contains various control bits to configure the 
TMRO/WDT prescaler, the external INT interrupt, 
TMRO, and the weak pull-ups on PORTB. 








FIGURE 4-4: OPTION REGISTER 


RW RW RAW RW RW RW RW RW 


Register: OPTION : Writable 
INTEDG| TOCS | TOSE | psa | ps2| psi] Pso Address: 81h : Readable 
; : POR value: FFh : Unimplemented 
bit7 bit | read as '0' 


PRESCALER VALUE 
|__ P§2:PS0 psgo 


~—4==“=O000 
ehhh ee eet 


PSA: Prescaler Assignment bit 
1 = Prescaler assigned to the WDT 
0 = Prescaler assigned to TMRO 


TOSE: TMRO Source Edge select bit 
1 = Increment on high-to-low transition on RA4/TOCKI pin 


0 = Increment on low-to-high transition on RA4/TOCKI pin 
TOCS: TMRO Clock Source select bit 

1 = Transition on RA4/TOCKI pin 

0 = Internal instruction cycle clock (CLKOUT) 

INTEDG: Interrupt Edge Select bit 


1 = Interrupt on rising edge of RBO/INT pin 
0 = Interrupt on falling edge of RBOANT pin 


RBPU: PORTB Pull-up Enable bit 


1 = PORTB pull-ups are disabled (overriding any port latch value) 
0 = PORTB pull-ups are enabled (by individual port-latch values) 
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4.2.23 INTCON REGISTER 


The INTCON Register is a readable and writable regis- 
ter which contains the various enable bits for all inter- 
rupt sources. 


FIGURE 4-5: INTCON REGISTER 





RW RW RW RW RW RW RW RIW 


[oe [eee [re [oe ro [or wr rr 


bit7 bito 





Writable 
Readable 
Unimplemented 
read as 'O' 


Register: INTCON 
Address: OBhor 8Bh 
POR value:0000 000x 


RBIF: RB Port Change Interrupt Flag bit 

1 = When at least one of the RB<7:4> inputs change 
(must be cleared by software) 

0 = None of the RB<7:4> inputs have changed 


INTF: External Interrupt Flag bit 


1 = The external INT interrupt occurred 
(must be cleared by software) 
0 = The INT interrupt did not occur 


TOIF: TMRO Overflow Interrupt Flag bit 


1 = TMRO overflowed 
(must be cleared by software) 
0 = TMRO did not overflow 


RBIE: RB Port Change Interrupt Enable bit 


1 = Enables RBIF interrupt 
0 = Disables RBIF interrupt 


INTE: INT interrupt Enable bit 
1 = Enables INTF interrupt 
0 = Disables INTF interrupt 


TOIE: TOIF Interrupt Enable bit 

1 = Enables TOIF interrupt 

0 = Disables TOIF interrupt 

EEIE: EE Write Complete Interrupt Enable bit 


1 = Enable EE write complete interrupt 
0 = Disable EE write complete interrupt 
GIE: Global Interrupt Enable bit 

1 = Enables all un-masked interrupts 

0 = Disables all interrupts 





DS30081E-page 2-738 


© 1995 Microchip Technology Inc. 


PIC16C84 





4.3 PCL and PCLATH 


The program counter (PC) is 13-bits wide. The low 
byte, PCL, is a readable and writable register. The high 
byte of the PC (PCH) is not directly readable nor writ- 
able. PCLATH (PC latch high) is a holding register for 
PC<12:8> where contents are transferred to the upper 
byte of the program counter. When the PC is loaded 
with a new value during a CALL, GOTO or a write to 
PCL, the high bits of PC are loaded from PCLATH as 
shown in Figure 4-6. 


FIGURE 4-6: LOADING OF PC IN 
DIFFERENT SITUATIONS 


0 


INST with PCL 
as dest 


/\ 
Es a Bea La ALU result 
eeers | LTT | 


PCLATH 


PCH 
12 1110 8 7 


GOTO, CALL 


Opcode <10:0> 





4.3.1 COMPUTED GOTO 


When doing a table read using a computed GOTO 
method, care should be exercised if the table location 
crosses a PCL memory boundary (each 256 byte 
block). Refer to the application note “Table Read Using 
the PIC16CXX” (AN556). 


43.2 STACK 


The PIC16C84 has an 8 deep x 13-bit wide hardware 
stack (Figure 4-1). The stack space is not part of either 
program or data space and the stack pointer is not 
readable or writable. The entire 13-bit PC is PUSH'ed 
onto the stack when a CALL instruction is executed or 
an interrupt is acknowledged. The stack is POP'ed in 
the event of aRETURN, RETLW or a RETFIE instruc- 
tion execution. PCLATH is not affected by a PUSH or 
a POP operation. 


The stack operates as a circular buffer. That is, after 
the stack has been PUSH'ed eight times, the ninth push 
overwrites the value that was stored from the first push. 
The tenth push overwrites the second push (and so 
on). 


If the stack is effectively POP'ed nine times, the PC 
value is the same as the value from the first POP. 





43.3 PROGRAM MEMORY PAGING 


The PIC16C84 has 1K of program memory. The CALL 
and GOTO instructions have an 11-bit address range. 
This 11-bit address range allows a branch within a 2K 
program memory page size. 

For future PIC16C8X program memory expansion, 
there must be another two bits to specify the program 
memory page. These paging bits come from the 
PCLATH<4:3> bits (Figure 4-6). When doing a CALL or 
a GOTO instruction, the user must ensure that these 
page bits (PCLATH<4:3>) are programmed to the 
desired program memory page. If aCALL instruction (or 
interrupt) is executed, the entire 13-bit PC is pushed 
onto the stack. Therefore, manipulation of the 
PCLATH<4:3> is not required for the return instructions 
(which POPs the PC from the stack). 





TEE SEP ASS ST OPS SSI PAGS ASS ST PE 2 PSS TAO ESP SP Sc SEE SEE SPS PEE PTS TT PS TOES 
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EXAMPLE 4-1: INDIRECT ADDRESSING 





movlw 0x20 3 initialize pointer 
The INDF register is not a physical register and is used | movi FSR « 7 “to RAM . 
in conjunction with the FSR register to perform indirect NEXT clrf INDF ; clear INDF register 
addressing. a inet FSR 3; inc pointer 


Indirect addressing is possible by using the INDF regis- 
ter. Any instruction using the INDF register actually eee NEST 
accesses data pointed to by the file select register CONTINUE 
(FSR). Reading INDF itself indirectly (FSR = 0) will pro- 

duce 00h. Writing to the INDF register indirectly results 

in a no-operation (although status bits may be 

affected). An effective 9-bit address is obtained by con- | 
catenating the 8-bit FSR register and the IRP bit (STA- 

TUS<7>), as shown in Figure 4-7. However, IRP is not 

used in the PIC16C84. 


A simple program to clear RAM location 20h-2Fh using 
indirect addressing is shown in Example 4-1. 


btfss FSR,4 all done? 


NO, clear next 


we 


=e 


; YES, continue 





FIGURE 4-7: DIRECT/INDIRECT ADDRESSING 


Direct Addressing 
RP1 RPO 6 from opcode 0 


bi pees sees 


eee amen 


bank select location select bank select location select 


re 


‘ee 
> 


Stee 
secee 
eee 


set 
o 


sae 

vetet 
vet 
0 


ses 


Bank 0 Bank 1 Bank 2 Bank 3 


Note: For memory map detail, see Figure 4-2. 
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5.0 /OPORTS 


The PIC16C84 device has two ports, PORTA and 
PORTB. Some port pins are multiplexed with an alter- 
nate function for other features on the device. 


5.1 PORTA and TRISA Registers 


PORTA is a 5-bit wide latch. RA4 is a Schmitt trigger 
input and an open collector output. All other RA port 
pins have TTL input levels and full CMOS output driv- 
ers. All pins have data direction bits (TRIS registers) 
which can configure these pins as output or input. 

A '1' on any bit in the TRISA register puts the corre- 
sponding output driver in a hi-impedance mode. A'0' on 
any bit in the TRISA register puts the contents of the 
output latch on the selected pin(s). 


Reading the PORTA register reads the status of the 
pins whereas writing to it will write to the port latch. All 
write operations are read-modify-write operations. Soa 
write to a port implies that the port pins are first read, 
then this value is modified and written to the port data 
latch. 


The RA4 pin is multiplexed with the TMRO clock input. 


FIGURE 5-1: BLOCK DIAGRAM OF 
RA<3:0> 


xX 
1/O pin 


D Q 
WR a VpD 
ceslirae 


re) 
P 
Bat 
D Q 
WR : Vss 
TRIS CK re} 
TTL 
input ie 
: <a buffer 


RD TRIS 


| QD 
RD PORT e. 


Note: I/O pins have protection diodes to VoD and Vss. 


EXAMPLE 5-1: INITIALIZING PORTA 


CLRF PORTA ;Initialize PORTA by setting 


; output data latches 
BSF STATUS, RPO ;Select Bankl 
MOVLW OxCF ;Value used to initialize 
;data direction 
MOVWF TRISA ;Set RA<3:0> as inputs 
;RA<5:4> as outputs 
;TRISA<7:6> are always 


;read as ‘'O0'. 


FIGURE 5-2: BLOCK DIAGRAM OF RA4 PIN 


xX 
- N RA4 pin 


Vss 


Data Latch 


D Q 
ae 
a CK Q 


= 


RD TRIS 


<< 
RD PORT 
ee. 


TMRO clock input 


Note: 1/O pin has protection diodes to Vss only. 
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TABLE 5-1: © PORTA FUNCTIONS 


|__Name | Bito | ButferType Function aa 
RAO | HO | TTL _| Input/output = | 

Input/output 
input/output 
Input/output | 


L 
RA4/TOCKI! bit4 ST Input/output or external clock input for TMRO. 
| Output is open collector type. 





















wv 
; 









Legend: TTL = TTL input, ST = Schmitt Trigger input 
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA 


Name | 
PORTA PORTA pins when read 05h ---X XXXxX 
. PORTA data latch when written 
TRISA PORTA data direction register 85h ---1 1111 
| O = output, 1 = input | 


Legend: x = unknown, - = unimplemented, read as 'O'. 
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5.2 PORTB and TRISB Register 


PORTB is an 8-bit wide bi-directional port. The corre- 
sponding data direction register is TRISB. A'‘'1' on any 
bit in the TRISB register puts the corresponding output 
driver in a high impedance mode. A '0' on any bit in the 
TRISB register puts the contents of the output latch on 
the selected pin(s). 


Each of the PORTB pins have a weak intemal pull-up. 
A single control bit can turn on all the pull-ups. This is 
done by clearing the RBPU (OPTION<7>) bit. The 
weak pull-up is automatically turned off when the port 
pin is configured as an output. The pull-ups are dis- 
abled on POR. 


Four of PORTB’s pins, RB7:RB4, have an interrupt on 
change feature. Only pins configured as inputs can 
cause this interrupt to occur (i.e. any RB7:RB4 pin con- 
figured as an output is excluded from the interrupt on 
change comparison). The pins value in input mode are 
compared with the old value latched on the last read of 
PORTB. The “mismatch” outputs of the pins are OR’ed 
together to generate the RBIF interrupt (INTCON<0>). 


FIGURE 5-3: BLOCK DIAGRAM OF 
RB<7:4> PINS 


Data bus 


WR TRIS CKY 


<i 
a 


From other 
RB7:RB4 pins 


Note 1: TRISB = 1 enables weak pull-up (if RBPU = 0 
in the OPTION register). 


2: /O pins have diode protection to VDD and 
Vss. 





This interrupt can wake the device from SLEEP. The 
user, in the interrupt service routine, can clear the inter- 
rupt in one of two ways: 


1. Disable the interrupt by clearing the RBIE 
(INTCON<2>) bit. 


2. Read PORTB, then clear the RBIF bit. 


A mismatch condition will continue to set the RBIF bit. 
Reading PORTB will end the mismatch condition, and 
allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on these four pins allow 
easy interface to a key pad and make it possible for 
wake-up on key-depression. (See AN552 in the 
Embedded Control Handbook). 





The interrupt on change feature is recommended for 
wake-up on key depression operation and operations 
where PORTEB is only used for the interrupt on change 
feature. Polling of PORTB is not recommended while 
using the interrupt on change feature. 


FIGURE 5-4: BLOCK DIAGRAM OF 
RB<3:0> PINS 





Data bus. 


WR Port 


WR TRIS 


RD Port 


Note 1: TRISB = 1 enables weak pull-up (if RBPU = 0 
in the OPTION register). 


2: I/O pins have diode protection to VDD and 
Vss. 


3: For RBO/INT pin, the INT input comes through 
a Schmitt Trigger input buffer. 


© 1995 Microchip Technology Inc. 


DS30081E-page 2-743 





PICT 6C84 





EXAMPLE 5-2: INITIALIZING PORTB 


CLRF PORTB ‘;Initialize PORTB by setting 
; output data latches 


BSF STATUS, RPO ;Select Bankl 

MOVLW OxCF ' Value used to initialize 
:data direction 

MOVWF TRISB ;Set RB<3:0> as inputs 
;RB<5:4> as outputs 
; TRISB<7:6> are always 


sread as '0'. 


TABLE 5-3: | PORTB FUNCTIONS 


Buffer Type | V/O Consistancy Function 


Input/output pin or extemal interrupt input. Intemal software 
programmable weak pull-up. ge, on 


Input/output pin. Internal software programmable weak pull-up. 
Input/output pin. Internal software programmable weak pull-up. 


Input/output pin (with interrupt on change). Internal software programmable 


a 5 | a Input/output pin. Internal software programmable weak pull-up. 


TTL 
Tie. 
: TTL , 
TTL 
TTL 
weak pull-up. 7 
input/output pin (with interrupt on change). Internal software programmable 
| weak pull-up. 
Input/output pin (with interrupt on change). Intemal software programmable 
| weak pull-up. Serial programming clock. | 

input/output pin (with interrupt on change). Intemal software programmable 

weak pull-up. Serial programming data. 
Legend: TTL=TTL input, ST = Schmitt Trigger. 
T This buffer is a Schmitt Trigger input when configured as the external interrupt. 
¢ This buffer is a Schmitt Trigger input when used in serial programming mode. 


TABLE 5-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB 


| Function | Address | Power-on Reset Value 


Register Name 
86h 






















Pome [ponte datatachvhonwiten [| | 

PORTB data latch when written 

TRISB PORTB data direction register 1111 1111 
O = output, 1 = input : 


OPTION Weak pull-up on/off control (RBPU bit) 81h 


Legend: x = unknown. 


ep i 
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5.3 Programmi nsideration 
5.3.1 BI-DIRECTIONAL I/O PORTS 


Any instruction which writes, operates internally as a 
read followed by a write operation. The BCF and BSF 
instructions, for example, read the register into the 
CPU, execute the bit operation and writes the result 
back to the register. Caution must be used when these 
instructions are applied to a port with both inputs and 
outputs defined. For example, a BSF operation on bit5 
of PORTB will cause all eight bits of PORTB to be read 
into the CPU. Then the BSF operation takes place on 
bits and PORTB is written to the output latches. If 
another bit of PORTB is used as a bi-directional I/O pin 
(i.e., bitO) and it is defined as an input at this time, the 
input signal present on the pin itself would be read into 
the CPU and rewritten to the data latch of this particular 
pin, overwriting the previous content. As long as the pin 
stays in the input mode, no problem occurs. However, 
if bitO is switched into output mode later on, the content 
of the data latch is unknown. 


Reading the PORT[A,B] register reads the values of the 
PORT[A,B] pins. Writing to the PORT[A,B] register 
writes the value to the PORT[A,B] latch. When using 
read modify write instructions (i.e. BCF, BSF, etc.) on 
a port, the value of the PORT[A,B] pins is read, the 
desired operation is done to this value, and this value is 
then written to the PORT[A,B] latch. 


A pin actively outputting a Low or High should not be 
driven from external devices at the same time in order 
to change the level on this pin (“wired-or’, “wired-and”). 
The resulting high output currents may damage the 
chip. 


FIGURE 5-5: SUCCESSIVE /O OPERATION 


‘ QI] Q2| Q3) Q4* Q1| Q2}_Q3] Q4: Q1} Q2| Q3/ Q4 


53.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


The actual write to an I/O port happens at the end of an 
instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle 
(Figure 5-5). Therefore, care must be exercised if a 
write followed by a read operation is carried out on the 
same 1!/O port. The sequence of instructions should be 
such that the pin voltage stabilizes (load dependent) 
before the next instruction which causes that file to be 
read into the CPU is executed. Otherwise, the previous 
state of that pin may be read into the CPU rather than 
the new state. When in doubt, it is better to separate 
these instructions with a NOP or another instruction not 
accessing this I/O port. 


Example 5-3 shows the effect of two sequential 
read-modify-write instructions (¢.g.,BCF, BSF, etc.) on 
an I/O port. 


EXAMPLE 5-3: READ-MODIFY-WRITE 
INSTRUCTIONS ON AN 
VO PORT 


; Initial PORT settings: PORTB<7:4> Inputs 

; PORTB<3:0> Outputs 

; PORTB<7:6> have external pull-ups and are not 
; connected to other circuitry 

: PORT latch PORT pins 


BCF PORTB, 7 
BCF PORTB, 6 


; Olpp pppp lipp pppp 
BCF STATUS, RPO : 


1l0pp pppp lipp pppp 


BCF TRISB, 7 
BCF TRISB, 6 


1l0pp pppp lipp pppp 
1l0pp pppp 10pp pppp 


;Note that the user may have expected the pin 
;values to be 00pp pppp. The 2nd BCF caused 
;RB7 to be latched as the pin value (High). 


Qi] Q2] Q3/Q4° 4. ia. 


PC PC +3 This example shows awrite to PORTB 


Instruction 


fetched ‘ MOVWF PORTB 'MOVF PORTB.W : 


: write to ‘ 
PORTB : 
RB7:RBO 


Instruction 


executed ' MOVWF PORTB :MOVF PORTBW : 


' write to ' ' 
PORTB 


: NOP 


; Port pin 
‘ . sampled here: 


NOP 





followed by a read from PORTB. 


NOP Note that: 
data setup time = (0.25 Tcy - TPD) 
where Tcy = instruction cycle. 
TPD = propagation delay 


Therefore, at higher clock frequencies, ; 
a write followed by a read may be problematic. 
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NOTES: 
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6.0 TIMERO (TMRO) MODULE 


The TMRO module timer/counter has the following fea- 
tures: 


e 8-bit timer/counter 

e Readable and writable 

e 8-bit software programmable prescaler 
e Internal or external clock select 

e Interrupt on overflow from FFh to 00h 
¢ Edge select for external clock 


Figure 6-1 is a simplified block diagram of the TMRO 
module. 


Timer mode is selected by clearing the TOCS bit 
(OPTION<5>). In timer mode, the TMRO module will 
increment every instruction cycle (without prescaler). If 
TMRO is written, the increment is inhibited for the fol- 
lowing two cycles (Figure 6-2 and Figure 6-3). The user 
can work around this by writing an adjusted value to the 
TMRO module. 


Counter mode is selected by setting the TOCS bit 
(OPTION<5>). In this mode TMRO will increment either 
on every rising or falling edge of pin RA4/TOCKI. The 
incrementing edge is determined by the TO source 
edge (TOSE) control bit (OPTION<4>). Clearing the 


FIGURE 6-1: TMRO BLOCK DIAGRAM 


7 Programmable ; 


RA4/TOCKI 
pin Prescaler 
TOSE 


PS2, PS1, PSO 
TOCS 


TOSE bit (OPTION<4>) selects the rising edge. 
Restrictions on the external clock input are discussed in 
detail in Section 6.2. 


The prescaler is shared between the TMRO module 
and the Watchdog Timer. The prescaler assignment is 
controlled, in software, by contro! bit PSA 
(OPTION<3>). Clearing the PSA bit will assign the 
prescaler to TMRO. The prescaler is not readable nor 
writable. When the prescaler is assigned to the TMRO 
module, the prescale value (1:2, 1:4, ..., 1:256) is soft- 
ware selectable. Section 6.3 details the operation of the 
prescaler. 


6.1 TIMERO (TMRO) Interrupt 


TMRO interrupt is generated when the TMRO module 
timer/counter overflows from FFh to 00h. This overflow 
sets the TOIF bit (INTCON<2>). The interrupt can be 
masked by clearing the TOIE bit (INTCON<5>). The 
TOIF bit must be cleared in software by the TMRO mod- 
ule interrupt service routine before re-enabling this 
interrupt. The TMRO module interrupt cannot wake the 
processor from SLEEP since the timer is shut off during 
SLEEP. Figure 6-4 shows the TMRO interrupt timing. 


Data bus 


Sync with 
internal 


(2 cycle delay) 


Set TOIF 


PSA Interrupt on 


Overflow 


Note 1: Bits TOSE, TOCS, PS2, PS1, PSO and PSA are located in the OPTION register. 
2: The prescaler is shared with the Watchdog Timer (Figure 6-6) 





FIGURE 6-2: TMROTIMING: INTERNAL CLOCK/NO PRESCALE 


,Q1] Q2]Q3] a4; Q1|aQ2/Q3| a4 ,Q1]Q2/Q3] a4 |Q1]Q2]Q3] a4} Qt] aQ2]Q3].a4ja1|a2]a3] a4; a1]a2|aQ3| a4} at]a2}as|a¢; 
' t 4 t 1 ' 4 t $ 


PC (Ci fC PCO 
t 7 
instruction ; ’ 
Fetch : . 
t t i ! 
' 


t i] i i L) ‘ 
MOVWF TMRO ' MOVF TMRO,W 'MOVF TMRO,W 'MOVF TMRO,W 'MOVF TMRO,W MOVF TMRO,W 
3 i] t i) 





' 
t 
4 
t { i) ' t 
4 


t i ‘ 


TMRO 10 (1 TO+t XX , T0+2 XX NTO XX NTO TX NTO OX NTOsT XC UNTO+2 


{ t ! 1 





een: : a S 4 ho 4 | 


Executed ; ' WriteTMRO | ReadTMRO | ReadTMRO ! Read TMRO | ReadTMRO | ReadTMRO | 
executed reads NTO reads NTO reads NTO reads NTO + 1 reads NTO + 2 
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FIGURE 6-3: TMRO TIMING: INTERNAL CLOCK/PRESCALE 1:2 


-a1|a2}a3] a4; a1|a2}a3}a4‘ai|a2|a3}a4 a1] a2]a3|a4‘at}az]as| a4 iat|a2|as}a4;a1|a2|a3]as ‘arfazias|as! 
t ' Jd _ t 1 : : i] es t : = ‘ 





PC C PC-T ¥  PC OX PCH OE PCH XE PCH OX PCH PCH) p 
t , 1 : oa ' t ' t t 
Instruction MOVWE TMRO MOVF TMRO,W ; MOVF TMRO,W ' MOVF TMRO,W ‘MOVE TMRO,W MOVF TMRO,W 
Fetch 4 1 t , of t rT i i 4 
1 i] t § t 4 i 1 1 
TMRO 0. O+1 fe we set oe ef en NO as ee ee aE ' 
t ' t t : ' ' ’ ' t 
1 ' t 4 ' 4 ' 4 1 4 4 4 t 4 ' 
t 4 t t t 4 i] 4 4 
‘ Instruction i: 1 ; : ; ; ; ; : ; 
Execute ‘ : _ Write TMRO , Read TMRO , ReadTMRO , ReadTMRO , ReadTMRO | ReadTMRO , 

executed reads NTO reads NTO reads NTO reads NTO reads NTO + 1 


FIGURE 6-4: TMRO INTERRUPT TIMING 


TOIF bit 
(INTCON<2>) § 


al 
Interrupt Latency 


INSTRUCTION FLOW ' 


PC 0004 


' L) 
t] t 
4 t 


Inst (PC) 


Instruction 
fetched 


Inst (PC+1) Inst (0004h) 


inst (PC-1) 


Inst (PC) 


Instruction 
executed 


Note 1: TOIF interrupt flag is sampled here (every Q1). 
2: Interrupt latency = 4Tcy, where Tcy = instruction cycle time. 
3: CLKOUT is available only in RC oscillator mode. 
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6.2 ing TMRO with External Clock 


When an extemal clock input is used for TMRO, it must 
meet certain requirements. The extemal clock require- 
ment is due to intemal phase clock (Tosc) synchroniza- 
tion. Also, there is a delay in the actual incrementing of 
TMRO after synchronization. 


6.2.1. EXTERNAL CLOCK SYNCHRONIZATION 


When no prescaler is used, the extemal clock input is 
the same as the prescaler output. The synchronization 
of TOCKI with the internal phase clocks is accom- 
plished by sampling the prescaler output on the Q2 and 
Q4 cycles of the internal phase clocks (Figure 6-5). 
Therefore, it is necessary for TOCKI to be high for at 
least 2 Tosc (plus a small RC delay) and low for at least 
2 Tosc (plus a small RC delay). Refer to the electrical 
specification of the desired device. 


When a prescaler is used, the external clock input is 
divided by an asynchronous ripple counter type pres- 
caler so that the prescaler output is symmetrical. For 
the extemal clock to meet the sampling requirement, 
the ripple counter must be taken into account. There- 
fore, it is necessary for TOCKI to have a period of at 
least 4 Tosc (plus a small RC delay) divided by the 
prescaler value. The only requirement on TOCKI high 
and low time is that they do not violate the minimum 
pulse width requirement of 10 ns. Refer to parameters 
40, 41 and 42 in the AC Electrical Specifications of the 
desired device. 


6.2.22 TMRO INCREMENT DELAY 


Since the prescaler output is synchronized with the 
intemal clocks, there is a small delay from the time the 
external clock edge occurs to the time the TMRO mod- 
ule is actually incremented. Figure 6-5 shows the delay 
from the extemal clock edge to the timer incrementing. 


6.3 Prescaler 


An 8-bit counter is available as a prescaler for the 
TMRO module, or as a post-scaler for the Watchdog 
Timer (Figure 6-6). For simplicity, this counter is being 
referred to as “prescaler’ throughout this data sheet. 
Note that there is only one prescaler available which is 
mutually exclusive between the TMRO module and the 
Watchdog Timer. Thus, a prescaler assignment for the 
TMRO module means that there is no prescaler for the 
Watchdog Timer, and vice-versa. 


The PSA and PS2:PS0 bits (OPTION<3:0>) determine 
the prescaler assignment and prescale ratio. 


When assigned to the TMRO module, all instructions 
writing to the TMRO module (e.g. CLRF 1, MOVWF 1, 
BSF 1,x ....etc.) will clear the prescaler. When 
assigned to WDT, a CLRWDT instruction will clear the 
prescaler along with the Watchdog Timer. The pres- 
caler is not readable nor writable. 


FIGURE 6-5: TIMEROTIMING WITH EXTERNAL CLOCK 


Ext. Clock Input or | 
Prescaler Out (Note 2) 


Ext. Clock/Prescaler ¢ 
Output After Sampling 


Increment TMRO (Q4) 


'Q11 Q2! Q3] Q4' Q1l Q2! Q3i Q4! Q1! Q2! Q3! a4 'QI1l Q2! Q3! a4! 
| | 


Smail pulse * 
misses sampling 


11.5 2 ne (ROR) NI] FI (ae NO 2S 
| | i | , | 


Delay from clock input change to TMRO increment is 3 Tosc to 7 Tosc. (Duration of Q = tosc). 
Therefore, the error in measuring the interval between two edges on TMRO input = + 4 Tose max. 
: External clock if no prescaler selected, Prescaler output otherwise. 


: The arrows T indicate where sampling occurs. 





SO eR SA OE OT I AIS EE ES Se ET SE EE PS SST SPE TE TE EE EIT STE SOD 
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FIGURE 6-6: BLOCK DIAGRAM OF THE TMRO/WDT PRESCALER 





CLKOUT (= Fosc/4) —9— . Data Bus 


ae A 
RA4/TOCKI : | 
TMRO 


Set TOIF 
interrupt 
on overflow 


8-to - IMUX PS2:PS0 


WDT enable bit 


WDT 
time-out 


Note: TOSE, TOCS, PSA, PS2:PS0 are bits in the OPTION register. 
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6.3.1 SWITCHING PRESCALER ASSIGNMENT To change prescaler from the WDT to the TMRO mod- 
ule use the sequence shown in Example 6-2. This 
The prescaler assignment is fully under software con- sequence must be taken even if the WDT is disabled. 
trol, i.e., it can be changed “on the fly” during program 
execution. To avoid an unintended device RESET, the EXAMPLE 6-2: CHANGING PRESCALER 
following instruction sequence (Example 6-1) must be (WDT-—>TMRO) 
executed when changing the prescaler assignment baton Oe ce ead aay 
from TMRO to the WDT. 
prescaler 
BSF STATUS, RPO ; 
EXAMPLE 6-1: CHANGING PRESCALER MOVLW 'xxxx0xxx'b ; Select TMRO, new 
(TMRO-WDT) ; prescale value 
BCF STATUS, RPO ; Bank 0 ; and cicck source 
CLRF TMRO ; Clear TMRO & Prescaler MOVWF OPTION ; 
BSF STATUS, RPO ; Bank 1 BCF STATUS, RPO 
CLRWDT ; Clears WDT 
MOVLW ‘xxxxlxxx'b ; Select new prescaler 
MOVWF OPTION ; value 
BCF STATUS, RPO ; Bank 0 


TABLE 6-1: SUMMARY OF TMRO REGISTERS 


RegisterName | Function —Ss——|~— Address —|_—Powet-on Reset Value 
TMRO Timer/counter register 


ment bits for TMRO. (Figure 6-5) 
mask bits. (Figure 6-6) 
Legend: x = unknown. 
Note: For reset values of registers in other reset situations refer to the Special Features of the CPU section. 
TABLE 6-2: REGISTERS ASSOCIATED WITH TMRO 


[Address [Name 


Oth 
| OBh/8Bh_| INTCON : 
| 85h | TRISA |. TRIS rRE 


Legend: — = Unimplemented locations, read as 'O’. 
Note 1: Shaded cells are not used by TMRO module. 
2: The PIC16C84 device does not have an RAS pin. 
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Notes: 
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7.0 DATA EEPROM MEMORY 


The EEPROM data memory is readable and writable 
during normal operation (full VOD range). This memory 
is not directly mapped in the register file space. Instead 
it is indirectly addressed through the Special Function 
Registers. There are four SFRs used to read and write 
this memory. These registers are: 


e EECON1 

e EECON2 

e EEDATA 

e EEADR 

EEDATA holds the 8-bit data for read/write, and 
EEADR holds the address of the EEPROM location 
being accessed. PIC16C84 devices have 64 bytes of 
data EEPROM with an address range from Oh to 3Fh. 


The EEPROM data memory allows byte read and write. 
A byte write automatically erases the location and 
writes the new data (erase before write). The EEPROM 
data memory is rated for high erase/write cycles. The 
write time is nominally 10 ms, and is controlled by an 
on-chip timer. The actual write-time will vary with volt- 
age and temperature as well as from chip to chip. 
Please refer to AC specifications for exact limits. 


FIGURE 7-1: EECON1 REGISTER 


RW RW RW 


= [= [= [ee [nen ween] we | 0 


bitO POR value: ---0 x000 


| bit7 





When the device is code protected, only the CPU may 
complete reads or writes of the data memory. That is, 
the device programmer can no longer access this 
memory (external reads/writes are disabled). 


7.1 EEADR 


The EEADR register can address up to a maximum of 
256 bytes of data EEPROM. Only the first 64 bytes of 
data EEPROM are implemented and only six of the 
eight bits in the register (EEADR<5:0>) are required. 
The upper two bits are not address decoded. This 
allows four addresses to map into the 64 byte memory 
space. We recommend using absolute address (0 - 
3Fh) to ensure future upward compatibility. 


Register: EECON1 
Address: 88h 


Readable bit 
Writable bit 
Settable bit 
Unimplemented, 
read as '0' 


RD: Read Control bit 

1 = Initiates an EEPROM read 
Read takes one cycle. RD is cleared in hardware. 
RD bit can only be set (not cleared) in software. 

0 = Does not initiate an EEPROM read 

WR: Write Control bit 


1 = Initiates a write cycle 
The bit is cleared by hardware once write is complete. 
WR bit can only be set (not cleared) in software. 


0 = Write cycle to the data EEPROM is complete 


WREN: EEPROM Write Enable bit 
1 = Allows a write cycle 
0 = Inhibits write to the data EEPROM 


WRERR: EEPROM Error Flag bit 


1 = A write operation is prematurely terminated 
Termination occurs from any MCLR reset, or by a 
WDT reset during normal operation. 


0 = The wnite operation completed 


EEIF: EEPROM Write Operation Interrupt Flag bit 
1 = The write operation completed 
(Must be cleared in software.) 


0 = The write operation is not completed or has not 
been started 


Unimplemented: read as '0' 
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7.2 EECON!1 and EECON2 Registers 


EECONT7 is the control register with five low order bits 
physically implemented. The upper-three bits are non- 
existent and read as ‘0's. , 


Control bits RD and WR initiate read and write, respec- 
tively. These bits cannot be cleared, only set, in soft- 
ware. They are cleared in hardware at completion of 
read or write operation. Inability to clear the WR bit in 
software prevents the accidental, premature termina- 
tion of a write operation. 


The WREN bit, when set, will allow a write operation. 
On power-up WREN is clear. The WRERR bit is set 
when a write operation is interrupted by a MCLR reset 
or a WDT time-out reset during normal operation. In 
these situations, following reset, the user can check the 
WRERR bit and rewrite the location. The data and 
address will be unchanged in the EEDATA and EEADR 
registers. 


The EEIF interrupt flag bit is set when write is complete. 
It must be cleared in software. 


EECON2 is not a physical register. Reading EECON2 
will read all ‘O's. 


7.3 Reading the EEPROM Data Memory 


To read a data memory location, the user must write the 
address to the EEADR register and then set control bit 
RD (EECON1<0>). The data is available, in the very 
next cycle, in the EEDATA register; therefore it can be 
read in the next instruction. EEDATA will hold this value 
until another read or until it is written to by the user (dur- 
ing a write operation). | 


EXAMPLE 7-1: DATA EEPROM READ 

. BCF STATUS, RPO ; Bank 0 
MOVLW CONFIG_ADDR_ ; 

MOVWF EEADR ; Address to read 

BSF STATUS, RPO ; Bank 1 


BSF EECON, RD ; EE Read 
BCF STATUS, RPO ; Bank 0 


MOVF ‘EEDATA, W ; W = EEDATA 





To write an EEPROM data location, the user must first 
write the address to the EEADR register and the data 
to the EEDATA register. Then the user must follow a 
specific ore to initiate write. — 


EXAMPLE 7-2: DATA EEPROM WRITE 


BSF STATUS, RPO ; Bank 1 
BCF INTCON, GIE ; Disable INTs. 
MOVLW 55h ; | 
MOVWF EECON2 :; Write 55h 
MOVLW AAh 7 
MOVWF EECON2 ~ ; Write AAh 
- BSF EECON1 , WR ; Set WR bit 
: begin write 
. BSF INTCON, GIE ; Enable INTs. 


Write will not initiate if this sequence (write 55h to 
EECON2, write AAh to EECON2, then set WR bit) is 
not followed with exact timing. We strongly recom- 
mend that interrupts be disabled during this code og 
ment. 


Additionally, the WREN bit in EECON1 must be set to 
enable write. This mechanism prevents accidental 
writes to data EEPROM due to errant (unexpected) 
code execution (i.e., lost programs). The user should 
keep the WREN bit clear at all times, except when 
updating EEPROM. . 


_ After a write sequence has been initiated, clearing the 


WREN bit will not affect this write cycle. The WR bit will 
be inhibited from being set until the WREN bit has been 
set. | 


At the completion of the write cycle, the WR bit is 
cleared in hardware and the EE Write Complete Inter- 
rupt Flag (EEIF) is set. The user can either enable this 
interrupt or poll this bit. EEIF must be cleared by soft- 
ware. 
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7.5 Protection Against Spurious Write 7.6 Power Consumption Consideration 


There are conditions when the device may not want to 
write to the data EEPROM memory. To protect against 
spurious EEPROM writes, various mechanisms have 
been built in. On power-up, WREN is cleared. Also, 
the power-up timer (72 ms_ duration) prevents 
EEPROM write. 


The write initiate sequence and the WREN bit together 
help prevent an accidental write during brown-out, 
power glitch, or software malfunction. 





TABLE 7-1: REGISTERS/BITS ASSOCIATED WITH DATA EEPROM 


Value on Value on all 
Address Name Bit 7 Power-On | other resets 
Reset (Note1) 


EECON2 | EEPROM control register 2 | ---- ---- | ---- ---- | 


Legend: x= unknown, u = unchanged, - = unimplemented, read as '0', ? = Value depends upon condition. 
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Notes: 
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8.0 SPECIAL FEATURES OF THE 
CPU 


What sets a microcontroller apart from other proces- 
sors are special circuits to deal with the needs of real 
time applications. The PIC16C84 has a host of such 
features intended to maximize system reliability, mini- 
mize cost through elimination of external components, 
provide power saving operating modes and offer code 
protection. These features are: 
e OSC selection 
e Reset 

- Power-On Reset (POR) 

- Power-Up Timer (PWRT) 

- Oscillator Start-Up Timer (OST) 
e Interrupts 
Watchdog Timer (WDT) 
e SLEEP 
¢ Code protection 
¢ ID locations 
e In-circuit serial programming 
The PIC16C84 has a Watchdog Timer which can be 
shut off only through configuration bits. It runs off its 


own RC oscillator for added reliability. There are two 
timers that offer necessary delays on power-up. One is 


FIGURE 8-1: CONFIGURATION WORD 


U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1 P/P-1 R/P-1 


the Oscillator Start-Up Timer (OST), intended to keep 
the chip in reset until the crystal oscillator is stable. The 
other is the Power-Up Timer (PWRT), which provides a 
fixed delay of 72 ms (nominal) on power-up only. This 
design keeps the device in reset while the power supply 
stabilizes. With these two timers on-chip, most applica- 
tions need no extemal reset circuitry. 


SLEEP mode offers a very low current power-down 
mode. The user can wake up from SLEEP through 
external reset, Watchdog Timer time-out or through an 
interrupt. Several oscillator options are provided to 
allow the part to fit the application. The RC oscillator 
option saves system cost while the LP crystal option 
saves power. A set of configuration bits are used to 
select the various options. 


8.1 Configuration Bits 


The configuration bits can be programmed (read as '0') 
or left unprogrammed (read as '1') to select various 
device configurations. These bits are mapped in pro- 
gram memory location 2007h. 


Note that address 2007h is beyond the user program 
memory space. In fact, it belongs to the special test/ 
configuration memory space (2000h - 3FFFh), which 
can be accessed only during programming. 


Register: CONFIG |R= Readablebit 
Address: 2007h P= Programmable bit 
-n= Value for erased device 


R/P-1 R/P -1 


pe el Sie be [ed] fee [pwnre| ore 


bit13 





bitO 


FOSC<1:0>: OSC Selection bits 
11 : RC oscillator 
10: HS oscillator 
01 : XT oscillator 
00 : LP oscillator 


WDTE: WDT Enable bits 
1 = WDT enabled 
0= WDT disabled 


PWRTE: Power-up Timer Enable bits 
1 = Power-Up Timer enabled 

0 = Power-Up Timer disabled 

CP: Code Protection bit 

1 = Code protection off 

O= All memory is code protected 


Unimplemented, read as '1' 
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8.2 Oscillator Configurations 
8.2.1 OSCILLATOR TYPES 


The PIC16C84 can be operated in four different oscilla- 
tor modes. The user can program two configuration bits 
(FOSC1 and FOSCO) to select one of these four 
modes: 


° LP Low Power Crystal 
° XT Crystal/Resonator 
e HS High Speed Crystal/Resonator 
e RC Resistor/Capacitor 


822 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS 


In XT, LP or HS modes a crystal or ceramic resonator 
is connected to the OSC1/CLKIN and OSC2/CLKOUT 
pins to establish oscillation (Figure 8-2). The PIC16C84 
oscillator design requires the use of a parallel cut crys- 
tal. Use of a series cut crystal may give a frequency out 
of the crystal manufacturers specifications. When in XT, 
LP or HS modes, the device can have an extemal clock 
source to drive the OSC1/CLKIN pin. This is shown in 
Figure 8-3. 





FIGURE 8-2: CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(HS, XT OR LP OSC 
CONFIGURATION). 


To internal 
jogic 


C2 PIC 16CXX 


See Table 8-1 and Table 8-2 for recommended val- 
ues of C1 and C2. 


Note 1: A series resistor may be required for AT 
Strip cut crystals. 


FIGURE 8-3: EXTERNAL CLOCK INPUT 
OPERATION (HS, XT OR LP 
OSC CONFIGURATION) 


Clock from OSC1 
ext. system 


PIC16CXX 
OSC2 
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TABLE 8-1: 


PIC16C84 CAPACITOR 
SELECTION FOR CERAMIC 
RESONATORS 















Ranges Tested: 


Mode | Freq | oscici | osc2c2_ 
XT 455 kHz | 47-100pF | 47-100pF 
— 2.0 MHz 15 - 68 pF 15 - 68 pF 
4.0 MHz 
HS 8.0 MHz 15 - 68 pF 
10.0 MHz 10 - 47 pF 


15 - 68 pF 15 - 68 pF 
Recommended values of C1 and C2 are identical 
to the ranges tested table. 
Higher capacitance increases the stability of the 
oscillator but also increases the start-up time. 
These values are for design guidance only. Since 
each resonator has its own characteristics, the user 


should consult the resonator manufacturer for the 
appropriate values of external components. 







































Resonators Tested: 


[455 kHz | Panasonic EFO-AdS8KO4B [20.9% 
10.0 MHz 





TABLE 8-2: PIC16C84 CAPACITOR 
SELECTION FOR CRYSTAL 


OSCILLATOR 
| Mode | Freq | osci/ci | osc2ic2 | 
LP 32kHz | 68-100pF | 68-100pF 
200kHz | 15-30pF | 15-30pF 
XT 


150 - 200 pF 
15-33 pF 


15-33 pF 


| 15-33pF | 15-33pF 
15-47pF | 15-47pF 


Higher capacitance increases the stability of oscilla- 
tor but also increases the start-up time. These val- 
ues are for design guidance only. Rs may be 
required in HS mode as well as XT mode to avoid 
overdriving crystals with low drive level specifica- 
tion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values of external components. 


For VDD > 4.5V, C1 = C2 = 30 pF is recommended. 
Crystals Tested: 











































100 kHz Epson C-2 100.00 KC-P 


+20 PPM 
1.0 MHz 


10.0 MHz 


© 1995 Microchip Technology Inc. 


DS30081E-page 2-759 





PIC1 6C84 — 





8.2.3. EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT — 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types of 
crystal oscillator circuits are available; one with series 
resonance, or one with parallel resonance. 


Figure 8-4 shows a parallel resonant oscillator circuit. 
The circuit is designed to use the fundamental. fre- 
quency of the crystal. The 74AS04 inverter performs 
the 180-degree phase shift that a parallel oscillator 
requires. The 4.7 kQ resistor provides negative feed- 
back for stability. The 10 kQ potentiometer biases the 
74AS04 in the linear region. This could be used for 
external oscillator designs. 


FIGURE 8-4: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices 


PIC16CXX 


20 pF il 20 pF 


Figure 8-5 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre- 
quency of the crystal. The inverter performs a 180- 
degree phase shift. The 330 kQ resistors provide the 
negative feedback to bias the inverters in their linear 
region. 


FIGURE 8-5: 





EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 


Devices pic16Cxx 











8.2.4 RC OSCILLATOR 


For timing insensitive applications the RC device option 
offers additional cost savings. The RC oscillator fre- 
quency is a function of the supply voltage, the resistor 
(Rext) values, capacitor (Cext) values, and the operat- 
ing temperature. In addition to this, the oscillator fre- 
quency will vary from unit to unit due to normal process 
parameter variation. Furthermore, the difference in lead 
frame capacitance between package types also affects 
the oscillation frequency, especially for low Cext val- 
ues. The user needs to take into account variation due 
to tolerance of the external R and C components. 
Figure 8-6 shows how an R/C combination is con- 
nected to the PIC16C84. For Rext values below 2.2 kQ, 
the oscillator operation may become unstable, or stop 
completely. For very high Rext values (e.g. 1 MQ), the 
oscillator becomes sensitive to noise, humidity and 
leakage. Thus, we recommend keeping Rext between 
3 kQ and 100 kQ. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With little 
or no external capacitance, the oscillation frequency 
can vary dramatically due to changes in external 
capacitances, such as PCB trace capacitance or pack- 
age lead frame capacitance. 


See the electrical. specification section for RC fre- 
quency variation from part to part due to normal pro- 
cess variation. The variation is larger for larger R (since 
leakage current variation will affect RC frequency more 
for large R) and for smaller C (since variation of input 
capacitance has a greater affect on RC frequency). 


See the electrical specification section for variation of 
oscillator frequency due to VoD for given Rext/Cext val- 
ues as well as frequency variation due to operating 
temperature. 


The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur- 
poses or to synchronize other logic (see Figure 3-2 for 
waveform). 


FIGURE 8-6: RC OSCILLATOR MODE 


internal 
clock 


PIC16CXX 


OSC2/CLKOUT 
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8.3 Reset 


The PIC16C84 differentiates between various kinds of 
reset: 


¢ Power-On Reset (POR) 

e MCLR reset during normal operation 

¢ MCLR reset during SLEEP 

¢ WDT time-out reset during normal operation 
e WDT time-out reset during SLEEP 


Some registers are not affected in any reset condition; 
their status is unknown on POR reset and unchanged 
in any other reset. Most other registers are reset to a 
“reset state” on POR, MCLR or WDT reset during nor- 
mal operation and on MCLR reset during SLEEP. They 
are not affected by a WDT reset during SLEEP, since 
this reset is viewed as the resumption of normal opera- 
tion. The TO and PD bits are set or cleared differently 
in different reset situations as indicated in Table 8-4. 
These bits are used in software to determine the nature 
of the reset. Table 8-6 gives a full description of reset 
states for all registers. 


Figure 8-7 shows a simplified block diagram of the on- 
chip reset circuit. 


8.4 Power-On Reset (POR). Power-Up- 
Timer (PWRT) an illator Start- 
Timer (OST) 


8.4.1. POWER-ON RESET (POR) 


A Power-On Reset pulse is generated on-chip when 
VDD rise is detected (in the range of 1.6V - 1.8V). To 
take advantage of the POR, just tie the MCLR pin 
directly (or through a resistor) to VDD. This will eliminate 
external RC components usually needed to create 
Power-On Reset. A maximum rise time for VDD is 
required for this to operate properly. See Electrical 
Specifications for details. 


The POR circuit does not produce an intemal reset 
when VbD declines. 


8.4.2 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 72 ms nominal 
time-out on power-up only, from POR. The power-up 
timer operates on an internal RC oscillator. The chip is 
kept in reset as long as PWRT is active. The PWRT 
delay allows the VDD to rise to an acceptable level. A 
configuration fuse, PWRTE, can enable (if set) or dis- 
able (if cleared or programmed) the power-up timer. 


The Power-Up Time delay will vary from chip to chip 
due to VDD, temperature, and process variation. See 
DC parameters for details. 


FIGURE 8-7: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


External 


> Reset 
SLEEP 
WDT | WDT = 
Module [Time Out 


Reset 


detect Power_On_Reset 


OST/PWRT 
OST 


Da- 10-bit Ripple counter ics 


O p I = 
ac nae [> 10-bit Ripple counter ge | 


t This is a separate oscillator from 
the RC oscillator of the CLKIN pin. 


Enable P 


Enable OST 





t 


Chip_Reset 
Q 


Power_Up and PWRTE 

(Enable the PWRT timer 

only if it is Power_Up and power_on timer 
fuse is enabled) 


tenable tre + be (XT +LP + HS) 
0 


Enable the OST if it is Power_Up or Wake_Up 
from SLEEP and OSC type is XT or LP or HS) 
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8.4.3. OSCILLATOR START-UP TIMER (OST) 


The Oscillator Start-Up Timer (OST) provides a 1024 
oscillator cycle delay (from OSC1 input) after the 
PWRT delay ends. This ensures the crystal oscillator or 
resonator has started and stabilized. 


The OST time-out is invoked only for XT, LP and HS 
modes and only on power-on reset or wake-up from 
SLEEP. 


8.4.4 TIME-OUT SEQUENCE 


On power-up the time-out sequence is as follows: First 
PWRT time-out is invoked after a POR has expired. 
Then the OST is activated. The total time-out will vary 
based on oscillator configuration and PWRTE fuse sta- 
tus. For example, in RC mode with the PWRTE fuse 
cleared (PWRT disabled), there will be no time-out at 
all. Figure 8-8, Figure 8-9, and Figure 8-10 depict time- 
out sequences on power-up. 


TABLE 8-3: TIME-OUT IN VARIOUS 
SITUATIONS | 


Oscillator Wake up 
SLEEP 
ee 
1024 Tosc 


a ee ee a 


Since the time-outs occur from the POR reset pulse, if 
MCLR is kept low long enough, the time-outs will 
expire. Then bringing MCLR high will begin immedi- 
ately (see Figure 8-9). This is useful for testing pur- 
poses or to synchronize more than one PIC16CXX 
device when operating in parallel. 




















TABLE 8-5: 





Power-On Reset 

MCLR reset during normal operation 
MCLR reset during SLEEP 

WDT reset during normal operation 
WDT during SLEEP 


Interrupt wake-up from SLEEP 





Legend: u = unchanged, x = unknown. 





Table 8-4 shows the significance of the TO and PD bits. 
Table 8-5 lists the reset conditions for some special 
registers, while Table 8-6 lists the reset conditions for 
all the registers. . 






TABLE 8-4: STATUS BITS AND THEIR 
SIGNIFICANCE | 
[Condition 















MCLR reset during normal operation 


MCLR reset during SLEEP or interrupt 
wake-up from SLEEP 


po | x 
Lear 
LO aed 
ee Oe 
ie 


RESET CONDITION FOR PCL AND STATUS REGISTERS 


Condition PCL 
Addr: 02h Addr: 03h/83h 










STATUS 


port 


0001 1xxx 
0001 1luuu 
0001 Ouuu 
0000 luuu 


uuu0 Ouuu 


uuul Ouuu 


Note 1: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 


(0004h). 
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TABLE 8-6: INITIALIZATION CONDITIONS FOR ALL REGISTERS 


MCLR Reset during: Wake up from SLEEP: 
— normal operation — through interrupt 
Register Address Power-On Reset — SLEEP — through WDT timeout 


WDT timeout during 
normal operation 


a ee 
er a ee a ee ee ee 
ee 














uuuu uuu uuuu uUuuUuU 


INDF 
TMRO Oth 


02h 


uuuu uuuUu uuuu UuUuU 


o>) 
© 
>) 
o> 
a 
> 
?) 
©> 
2) 
oy 
Tv 
C 
+ 
Fk 
iu 


STATUS 0001 1xxx 000? ?uuue uuu? ?uuU 


if 
ioe) 
=> 


“ 
” 
D 
© 
= 
= 


a 
eile ‘iil 
— 
o) 
O 
Zz 


uuuu uuUuUu uuuu uuuUu 


PORTA 
PORTB 
EEDATA 
EEADR 0 XXXX XXXX 
PCLATH OA ---0 0000 
INTCON OBh 0000 000x 


NDF 80h 
OPTION 81h iB Bu se ss 
PCL 82h 0000h 

STATUS 83h 0001 1xxx 


FSR 8 
TRISA 85 


© 
Ol 
> 


-~-=-u uuuUu ---u uuUuU ---u uuuUu 


RXKXK XKKX uuuu uuUuuU uuuu uuUuuU 


Oo 
© 
=> 


XXXK XKXXK uuuu uuu uuuu uuuUu 


<2) 
a 


uuuu uuuUu 
---0 0000 
0000 000u 


uuuu uuuUu > 


i 


-~--u uuuUu 


uuuu uuuUu 


1111 1111 
0000h 


uuuu uuuU 


PC + 1 


Ww 


000? ?uuu2 uuu? ?uuU 


e : 
. . 
¢ x 
s . 


uuuu uuUuU 


aoe “Ets 


uuuu uuuU 


Ms 
_ 


> 


---1 1111 ---u uuuu 


| TRISA | 
86h 144i, 4104 1c Ae uuuu uuu 
88h ---0 0000 ---0 7000 ---0 ?uuu 
Legend: u =unchanged, x = unknown, -= unimplemented bit, readas'0', ? = value depends on condi- 
tion 


Note 1: One or more bits in INTCON will be affected (to cause wake-up). 
2: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt vector 
(0004h). 
3: Table 8-5 lists the reset value for each specific condition. 
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FIGURE 8-8: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpp): CASE 1 







VDD 


MCLR 


INTERNAL POR 


PWRT TIME-OUT 
OST TIME-OUT 


INTERNAL RESET 


FIGURE 8-9: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vpb): CASE 2 





Vob 


MCLR 


INTERNAL POR 


SS Tewal 
OST TIME-OUT Sennen Sener eee 
INTERNAL RESET ee en eres 


FIGURE 8-10: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO Vpp) 


Vop 


MCLR 


INTERNAL POR 


PWRT TIME-OUT 


OST TIME-OUT 


INTERNAL RESET 


i 
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FIGURE 8-11: EXTERNAL POWER-ON 
RESET CIRCUIT (FOR SLOW 
Vpp POWER-UP) 


MCTR 
PIC16CXX 


Note: 


External Power-On Reset circuit is required 
only if VDD power-up rate is too slow. The 


diode D helps discharge the capacitor 
quickly when VDD powers down. 


R < 40 kQ is recommended to make sure 
that voltage drop across R does not exceed 
0.2V (max leakage current spec on MCLR 
pin is 5 pA). A larger voltage drop will 
degrade VIH level on the MCLR pin. 

R1 = 1000 to 1 kQ will limit any current flow- 
ing into MCLR from external capacitor C in 
the event of an MCLR pin breakdown due to 
ESD or EOS. 








FIGURE 8-12: BROWN-OUT PROTECTION 
CIRCUIT 1 


PIC16CXX 


This circuit will activate reset when VoD goes below (Vz 
+ 0.7V) where Vz = Zener voltage. 


FIGURE 8-13: BROWN-OUT PROTECTION 
CIRCUIT 2 


MCLR 


PIC16CXX 


This brown-out circuit is less expensive, although less 
accurate. Transistor Q1 turns off when VoD is below a 
certain level such that: 


RI 
© ee 0.7V 
VOD* —aI RB 
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8.5 Interrupts 


The PIC16C84 family has up to 4 sources of interrupt: 


e Extemal interrupt RBO/INT pin 

e TMRO overflow interrupt 

e PORTB change interrupts (pins RB7:RB4) 
¢ EEPROM write complete interrupt — 


The interrupt control register (INTCON) records individ- 
ual interrupt requests in flag bits. It also contains the 
individual and global interrupt enable bits. 


The global interrupt enable bit, GIE (INTCON<7>) 
enables (if set) all un-masked interrupts or disables (if 
cleared) all interrupts. Individual interrupts can be dis- 
abled through their corresponding enable bits in 
INTCON register. GIE is cleared on reset. 


The “retum from interrupt” instruction, RETFIE, exits 
interrupt routine as well as sets the GIE bit, which re- 
enable interrupts. | 


The RBO/INT pin interrupt, the RB port change interrupt 
and the TMRO overflow interrupt flags are contained in 
the INTCON register. 


When an interrupt. is responded to; the GIE bit is 
cleared to disable any further interrupt, the return 
address is pushed onto the stack and the PC is loaded 
with 0004h. For external interrupt events, such as the 
RBO/INT pin or PORTB change interrupt, the interrupt 
latency will be three to four instruction cycles. The exact 
latency depends when the interrupt event occurs 
(Figure 8-15). The latency is the same for one or two 
cycle instructions. Once in the interrupt service routine 
the source(s) of the interrupt can be determined by poll- 
ing the interrupt flag bits. The interrupt flag bit(s) must 
be cleared in software before re-enabling interrupts to 


avoid infinite interrupt requests. 
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a NR EI BE IRR SN EN ig a EET EOE alge ee ree ee Re 


DS30081E-page 2-766 


©'1995 Microchip Technology Inc. 


PIC16C84 








FIGURE 8-14: INTERRUPT LOGIC 


Wakeup 
(If in SLEEP mode) 






TOIF 
TOIE 
INTF 
INTE Interrupt to CPU 


RBIF 
RBIE 


EEIF 
EEIE 


GIE 





FIGURE 8-15: INT PIN INTERRUPT TIMING 
: Q1| Q2| Q3] Q4: Q1] Q2| Q3] Q4: Q1] Q2| Q3] Q4: Qi] Q2] a3] a4: Q1| Q2| a3] Q4. 


INTF flag 
(INTCON<1>) ! 


Instruction 
fiched Inst (PC) Inst (PC+1) 


Instruction 
executed 


Inst (PC-1) inst (PC) 


Note 1: INTF flag is sampled here (every Q1). 
2: Interrupt latency = 3-4 Tcy where Tcy = instruction cycle time. 
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction. 
3: CLKOUT is available only in RC oscillator mode. 
4: For minimum width of INT pulse, refer to AC specs. 
5: INTF is enabled to be set anytime during the Q4-Q1 cycles. 
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8.5.1 INT INTERRUPT 


Extemal interrupt on RBO/INT pin is edge triggered: 


either rising if INTEDG bit (OPTION<6>) is set, or fall- 
ing, if INTEDG bit is clear. When a valid edge appears 
on the RBO/INT pin, the INTF bit (INTCON<1>) is set. 
This interrupt can be disabled by clearing the INTE con- 
trol bit (INTCON<4>). The INTF bit must be cleared in 
software via the interrupt service routine before re- 
enabling this interrupt. The INT interrupt can wake the 
processor from SLEEP only if the INTE bit was set prior 
to going into SLEEP. The status of the GIE bit decides 
whether the processor branches to the interrupt vector. 
following wake-up. Section 8.8 details SLEEP mode. 


8.5.2  TMRO INTERRUPT 


An overflow (FFh — 00h) in TMRO will set the TOIF 
(INTCON<2>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing TOIE (INTCON<5>) bit 
(Section 6.0). 


8.5.3 PORT RB.INTERRUPT 


An input change on PORTB<7:4> sets the RBIF 
(INTCON<0>) bit. The interrupt can be enabled/dis- © 
abled by setting/clearing the RBIE (INTCON<3>) bit 
(Section 5.2). 





8.6 Context Saving During Interrupts | 


During an interrupt, only the return PC value is saved 
on the stack. Typically, users wish to save key register 
values during an interrupt (e.g. W register and STATUS 


_ register). This is implemented in software. 


Example 8-1 stores and restores the STATUS and W 
registers values. The register, W_TEMP, must be 
defined in both. banks and must be defined at the same 
offset from the bank base address (i.e., if W_TEMP is 
defined at 0x20 in bank 0, it must also be defined at 
OxA0O in bank 1). User register, STATUS_TEMP, must 
be defined in bank 0. 


Example 8-1 does the following: 


a) «Stores the W register. | ne 
b) Stores the STATUS register in bank 0. 
c) Executes the Interrupt Service Routine code. 


d) Restores the STATUS (and bank select bit) reg- 
ister. 


e) Restores the W register. 


EXAMPLE 8-1: SAVING STATUS AND W REGISTERS IN RAM 


MOVWF W_TEMP 


BCF STATUS, RPO 


; Copy W to TEMP register, could be bank one or zero > 


> Change to bank zero, regardless of current bank 


SWAPF STATUS, W ; Swap status’ to be saved into W 


MOVWF STATUS_TEMP 


; Save status to bank zero STATUS_TEMP register 


; Interrupt Service Routine 


SWAPF STATUS_TEMP, W 


SWAPF W_TEMP, F 
SWAPF W_TEMP, W 


; Swap W_TEMP 
; Swap W_TEMP into W 


; Swap STATUS_TEMP register into W 
‘ (sets bank to 
MOVWF STATUS ; Move W into STATUS register 


original state) 


DS30081E-page 2-768 


© 1995 Microchip Technology Inc. 


PIC16C84 





8.7 Watchdog Timer (WDT) 


The watchdog timer is realized as a free running on- 
chip RC oscillator which does not require any external 
components. This RC oscillator is separate from the 
RC oscillator of the OSC1/CLKIN pin. That means that 
the WDT will run even if the clock on the OSC1/CLKIN 
and OSC2/CLKOUT pins of the device has been 
stopped, for example, by execution of a SLEEP instruc- 
tion. During normal operation a WDT time-out gener- 
ates a device RESET. If the device is in SLEEP mode, 
a WDT time-out causes the device to wake-up and con- 
tinue with normal operation. The WDT can be perma- 
nently disabled by programming configuration fuse 
WDTE as a'0' (Section 8.1). 


8.7.1. WDT PERIOD 


The WDT has a nominal time-out period of 18 ms, (with 
no prescaler). The time-out periods vary with tempera- 
ture, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 


prescaler with a division ratio of up to 1:128 can be 
assigned to the WDT under software control by writing 
to the OPTION register. Thus, time-out periods up to 
2.3 seconds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler (if assigned to the WDT) and pre- 
vent it from timing out and generating a device RESET 
condition. 


The TO bit in the STATUS register will be cleared upon 
a WDT time-out. 


8.7.2 WDT PROGRAMMING CONSIDERATIONS 


It should also be taken into account that under worst 
case conditions (VDD = Min., Temperature = Max., max. 
WDT prescaler) it may take several seconds before a 
WDT time-out occurs. 


FIGURE 8-16: WATCHDOG TIMER BLOCK DIAGRAM 


From TMRO Clock Source 
(Figure 6-6) 


WDT 
Enable Bit 


Note: PSA and PS2:PS0 are bits in the OPTION register. 


TABLE 8-7: 


2007h Config. bits 


Postscaler 


8 - to-1 MUX PS2:PS0 


To TMRO (Figure 6-6) 


WDT 
Time-out 





SUMMARY OF REGISTERS ASSOCIATED WITH THE WATCHDOG TIMER 





Note 1: The shaded cells are not used b 
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8.8 Power-Down Mode (SLEEP) = Peripherals cannot generate interrupts during SLEEP, 
since no on-chip Q clocks are present. 


The first event (MCLR reset) will cause a device reset. 
The two latter events are considered a continuation of 


The Power-Down mode is entered by executing the 
SLEEP instruction. 


If enabled, the Watchdog Timer will be cleared but program execution. The TO and PD bits can be used to 
keeps running, the PD bit in the STATUS register is determine the cause of device reset. The PD bit, which 
cleared, the TO bit is Set, and the oscillator driver is is seton power-up, is cleared when SLEEP is invoked. 
turned off. The I/O ports maintain the status they had, The TO bit is cleared if a WDT time-out occurred (and 
before the SLEEP instruction was executed (driving caused wake-up). 


nGh Few nel Nieimpetanes): While the SLEEP instruction is being executed, the next 


For lowest current consumption, in this mode, all I/O . instruction (PC + 1) is pre-fetched. For the device to 
pins should be either at Vop, or Vss, with no extemal wake-up through an interrupt. event, the corresponding 
circuitry drawing current from the I/O pin, and disable interrupt enable bit must be. set (enabled). Wake-up 
external clocks. I/O pins that are hi-impedance inputs occurs regardless of the state of the GIE bit. If the GIE 
should be pulled high or low externally to avoid switch- bit is clear (disabled), the device continues execution at 
ing currents caused by floating inputs. The TOCKI input the instruction after the SLEEP instruction. If the GIE bit 
should also be at VDD or Vss. The contribution from on is set (enabled), the device executes the instruction 
chip pull-ups on PORTB should be considered. after the SLEEP instruction and then branches to the 
The MCLR pin must be at a logic high level (ViHMCc). interrupt address (0004h). In cases where the execu- 


tion of the instruction following SLEEP is not desirable, 


it should be noted that a RESET generated by a WDT the user should have aNoP after the SLEEP instruction. 


time-out does not drive the MCLR pin low. 
8.8.1 WAKE-UP FROM SLEEP 


The device can wake up from SLEEP through one of 
the following events: 


1. External reset input on MCLR pin. 
2. WDT time-out reset (if WOT was enabled). 





The WDT is cleared when the device wakes-up from 
3. Interrupt from RBO/INT pin, RB port change, or sleep, regardless of the source of wake-up. 
data EEPROM write complete. | 


FIGURE 8-17: WAKE-UP FROM SLEEP THROUGH INTERRUPT 
: Q1 | Q2| Q3] Q4: Q1| Q2] Q3] a4; Q1| Q2] Q3] Q4, Q1| Q2| Q3|] Q4:. Q1| Q2] Q3] A4. 
osct ! [Fee Be ee ee Be 


‘ ’ ' ' tost(2) ' ' 














CLKOUT(4) | } . : ! ! : 
INT pin ! . ! : . ! . 
INTF flag interrupt Latency (2) 
INTCON<1 >): 
(INTCON<7>) i an.” an Sa eo 
INSTRUCTION FLOW : ‘in SLEEP’ : : | 
PC (pc th . . . —— : 
structions * inst (PC)=SLEEP | - inst(PC+1) | ‘Inst (PC+2) | | : 
Daler ‘Inst (PC-1) | SLEEP | 7 ' Inst (PO+1) = —Durmmy Cycle 


{accent eel 


Note 1: XT or LP oscillator mode assumed. 
2: Tost = 1024 Tosc (drawing not to scale). This delay will not be there for RC osc mode. 
3: When GIE is set, processor jumps to interrupt routine after wake-up. If GIE is clear, execution will continue in line. 
4: CLKOUT is not available in these osc modes, but shown here for timing reference. 


1 eR RP PTS SEES SS TSOTSI DC POSE ATC SE TE 5 FR TR PTT ETT YB PE I PTO TS EE ED 
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8.9 Code Protection 


The code in the program memory and data EEPROM 
memory can be protected by programming the code 
protect bit. 


Refer to Figure 8-1 for the code protection bit assign- 
ment for the PIC16C84. 


8.10 iIDLocations 


Four memory locations (2000h - 2003h) are designated 
as ID locations to store checksum or other code identi- 
fication numbers. These locations are not accessible 
during normal execution but are readable and writable 
only during program/verify. Only the 4 least significant 
bits of ID location are usable. 





8.11 In-Circuit Serial Programming 


PIC16C84 microcontrollers can be serially pro- 
grammed while in the end application circuit. This is 
simply done with two lines for clock and data, and three 
other lines for power, ground, and the programming 
voltage. Customers can manufacture boards with 
unprogrammed devices, and then program the micro- 
controller just before shipping the product, allowing the 
most recent firmware or custom firmware to be pro- 
grammed. 


The device is placed into a program/verify mode by 
holding the RB6 and RB7 pins low, while raising the 
MCLR (VPP) pin from VIL to VIH (see programming 
specification). RB6 becomes the programming clock 
and RB7 becomes the programming data. Both RB6 
and RB7 are Schmitt Trigger inputs in this mode. 


After reset, to place the device into programming/verity 
mode, the program counter (PC) points to location 00h. 
A 6-bit command is then supplied to the device, 14-bits 
of program data is then supplied to or from the device, 
using load or a read-type instructions. For complete 
details of serial programming, please refer to the 
PIC16CXX Programming Specifications (Literature 
#DS30189). 


FIGURE 8-18: TYPICAL IN-SYSTEM SERIAL 
PROGRAMMING 
CONNECTION 


To Normal 
External Connections 


Connector 
Signals 


PIC16CXX 


To Normal 
Connections 
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NOTES: 
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9.0 INSTRUCTION SET SUMMARY 


Each PIC16C84 instruction is a 14-bit word divided into 
an OPCODE which specifies the instruction type and 
one or more operands which further specify the opera- 
tion of the instruction. The PIC16C84 instruction set 
summary in Table 9-2 lists byte-oriented, bit-oriented, 
and literal and control operations. Table 9-1 shows the 
opcode field descriptions. 


Byte-oriented instructions: ‘f' represents a file regis- 
ter designator and '‘d' represents a destination designa- 
tor. The file register designator specifies which file 
register is to be used by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If ‘d' is 0, the result is 
placed in the W register. If 'd' is 1, the result is placed in 
the file register specified by the instruction. 


Bit-oriented instructions: ‘b' represents a bit field 
designator which selects the number of the bit affected 
by the operation, while ‘f' represents the address of the 
file in which the bit is located. 


Literal and control operations: 'k' represents an eight 
or eleven bit constant or literal value. 


TABLE 9-1: | OPCODE FIELD 
DESCRIPTIONS 


Fie] _——‘esorption 
f |Register file address (0x00 to 0x7F) 


Working register (accumulator) 





















| b {Bit address within an 8-bit file register 


k_ {Literal field, constant data or label 


Don't care location (= 0 or 1) 
The assembler will generate code with x = 0. It is 

the recommended form of use for compatibility with 
all Microchip software tools. 


Destination select; d = 0: store result in W, 
d = 1: store result in file register f. 
Default is d = 1 


sbaillabelnamie 
: 
zai Program ComnterHigh atch 
ion 
7 























fo) 


ello] flaals|alealaie] +] le 
* 


Power-down bit 


register file location) 
: 
= 


italics | User defined term (font is courier) 


—— 


The instruction set is highly orthogonal and is grouped 
into three basic categories: 


e Byte-oriented 
e Bit-oriented 
e Literal and control 


All instructions are executed within a single instruction 
cycle, unless a conditional test is true or the program 
counter is changed as a result of the instruction. The 
execution takes two instruction cycles with the second 
cycle executed as a NOP. Each cycle consists of four 
oscillator periods. Thus, for an oscillator frequency of 4 
MHz, the normal instruction execution time is 1 wsec. 
The instruction execution time is 2 usec for program 
branches. 


Table 9-2 lists the instructions recognized by 
Microchip’s assembler (MPASM). 

Figure 9-1 shows the three general formats of instruc- 
tions. 





All examples use the following format to represent a 
hexadecimal number: 


Oxhh 


where h signifies a hexadecimal digit. 


FIGURE 9-1: GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
13 8 7 6 


OPCODE d f (FILE #) 


d = 0 for destination WwW 
d = 1 for destination f 
f = 7-bit file register address 


Bit-oriented file register operations 
13 | 10 9 7 6 0 


OPCODE b(BIT#)] (FILE #) 


b = 3-bit bit address 
f = 7-bit file register address 


Literal and control operations 
13 8 7 0 


OPCODE k (literal) 


k = 8-bit immediate value 
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TABLE 9-2: INSTRUCTION SET SUMMARY : 


Mnemonic, Description 14-Bit Opcode Status Notes 
Operands mab Isb | Affected 
ADDWF 00 DC,Z Ave 





Add W and f 


ANDWF AND W andf 

CLRF. Clear f 

CLRW Clear W 

COMF _ | Complement f 

DECF Decrement f 

DECFSZ Decrement f, Skip if 0 
INCF Increment f 

INCFSZ Increment f, Skip if 0 
lIORWF Inclusive OR W and f 
MOVE . Move f 

MOVWF Move W to f 

NOP No Operation 

RLF Rotate left f through carry 
RRF Rotate right f through carry 
SUBWF Subtract W from f 
SWAPF Swap nibbles in f 
XORWF Exclusive OR W and f 


BIT-ORIENTED FILE REGISTER OPERATIONS 


BCF | f,b | Bit Clear f . 01 O0bb bfff ffff |} None 
BSF f,b Bit Set f 01 Olbb bfff fFLE} None 
BTFSC f,b | Bit Test f, Skip if Clear 01 10bb bfff fff£ | None 
BTFSS f,b | Bit Test f, Skip if Set 01 libb bfff ffff£ | None 


LITERAL AND CONTROL OPERATIONS 


Add literal to W 
AND literal to W 
Call subroutine 

| Clear watchdog timer 
Go to address 
Inclusive OR literal to W 
Move literal to W 
Return from interrupt 
Return with literal in W 
Return from subroutine 
Go into standby mode 
Subtract W from literal 
Exclusive OR literal to W 


Note 1: When an I/O register is modified as a function of itself (i.e.,MOVF PORTB, 1), the value used will be that 
value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is 
driven low by an external device, the data will be written back with a ‘0’. 
2: If this instruction is executed on the TMRO register (and, where applicable, d=1), the prescaler will be cleared 
if assigned to the TMRO. 
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The sec- 
ond cycle is executed as a NOP. 





00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 





1 ROR RRR KR 


— —t = AD ND NO | = AD | AD 


xx 
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9.1 Instruction Descriptions 


ADDLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


ADDWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Add Literal to W 

[ label] ADDLW_ k 
0<k<255 

(W) + k— (W) 

C, DC, Z 


The contents of the W register are 
added to the eight bit literai 'k' and the 
result is placed back in the W register. 
1 
4 

ADDLW 0x15 


Before Instruction 

W = 0x10 
After Instruction 

W = 0x25 


AddW and f 

[ labe!] ADDWF _ fd 
O0<f<127 

de [0,1] 

(W) + (f) > (dest) 

C, DC, Z 


| 00 0111 | atte | £££FE 


Add the contents of the W register to 
register ‘f. If ‘d' is 0 the result is 
stored in the W register. If ‘d'is 1 the 
result is stored back in register 'f'. 


1 
1 
ADDWF FSR, 0 


Before Instruction 


W = Ox17 

FSR= OxC2 
After Instruction 

W = OxD9 

FSR= OxC2 


ANDLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


ANDWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


And Literal to W 

[ label] ANDLW_ k 
O0<k<255 

(W) .AND. (k) > (W) 
Z 


1001 | kkkk | kkkk 


The contents of W register is AND’ed 
with the eight bit literal 'k'. The result 
is placed back in the W register. 


1 
{ 
ANDLW Ox5F 


Before Instruction 


W = OxA3 
After Instruction 

W = 0x03 
AND W tof 
[ label] ANDWF _ f,d 
O0<f<127 
de [0,1] 
(W) .AND. (f) — (dest) 
Zz 


| 00 | 0104 affe | FFF 


AND the W register with register 'f'. If 
'd' is 0 the result is stored in the W 
register. If'd' is 1 the result is stored 
back in register ‘f'. 


1 
1 
ANDWF FSR, 1 


Before Instruction 


W = 0x17 

FSR= OxC2 
After Instruction 

W = 0x17 

FSR= 0x02 


SA SACP NER SERN I A PE PR TSE NE SST SS IIT PF FS TB SS I ST EG ESI TL LES EE PETE 
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Operation: 
Status Affected: 
Encoding: 
Description: 
Words: 

Cycles: 
Example 


BSF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 
Words: 

Cycles: 
Example 


«Bit Clearf _ 
[label] BCF  f,b 


O<f<127 
O<b<s7 


0 (f<b>) 
None 
Bit 'b' in register ‘f' is cleared. 
1 
; 
BCF FLAG_REG, 7 


Before Instruction 
_ FLAG_REG = 0xC7 
After Instruction 
| FLAG_REG = 0x47 


Bit Set f 
[ label] BSF f,b 


0<f<127 
O<b<7 


1 — (f<b>) | 

None . 

Bit 'b' in register ‘f' is set. 

1 

1 

BSF FLAG_REG, 7 


Before Instruction 
FLAG_REG= Ox0A 
After Instruction 
-,FLAG_REG= Ox8A | 


BTFSC 
Syntax: 
Operands: 


Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 


Cycles: 
Example 


_ Bit Test f, Skip if Clear 


[ label] BTFSC f,b 


0<f<127 
O<b<7 


skip if (f<b>) = 0 
None 


10bb | befe | FEEE 


— If bit 'b' in register ‘f' is 0 then the next 


instruction is skipped. 

If bit 'b' is O then the next instruction 
fetched during the current instruction 
execution is discarded, and a NOP is 
executed instead, making this a 2 cycle 
instruction. - 


1 

1(2) 
HERE  BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE * 


Before Instruction 


PC = address HERE 
After Instruction 
if FLAG<1>=0, 
PC=address TRUE 
if FLAG<1>=1, 
FALSE 


PC=address 


ee a 
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BTFSS 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


CALL 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


Bit Test f, skip if Set 
[ label] BTFSS f,b 


O0<f<127 
O0<b<7 


skip if (f<b>) = 1 
None 


1ibb | bffe | fffE 


If bit 'b' in register ‘f' is 1 then the next 
instruction is skipped. 

If bit 'b' is 1, then the next instruction 
fetched during the current instruction 
execution, is discarded and a NOP is 
executed instead, making this a 2 cycle 
instruction. 


{ 
1(2) 


HERE BTFSC FLAG,1 
FALSE GOTO PROCESS_CODE 
TRUE ° 


Before Instruction 


PC = address HERE 
After Instruction 

if FLAG<1>=0, 

PC=address FALSE 

if FLAG<1>=1, 

PC=address TRUE 


Subroutine Call 
[Jabel] CALL k 
0<k<2047 


(PC)+ 1 TOS, 
k — PC<10:0>, 
(PCLATH<4:3>) + PC<12:11> 


None 


Okkk | kkkk | kkkk 


Subroutine call. First, return address 
(PC+1) is pushed onto the stack. The 
eleven bit immediate address is loaded 
into PC bits <10:0>. The upper bits of 
the PC are loaded from PCLATH. 
CALL is a two cycle instruction. 


1 
2 
HERE CALL THERE 


Before Instruction 


PC = £Address HERE 
After Instruction 

PC = #£Address THERE 

TOS= Address HERE 


CLRF 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


CLRW 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


Clear f 
[label] CLRF f 
0<f<127 


00h > (f) 
19Z 


Z 


| 00 | 0002 1fff | £FFE 


The contents of register ‘f' are cleared 
and the Z bit is set. 


1 
1 
CLRF FLAG _REG 
Before Instruction 
FLAG_REG = Ox5A 
After Instruction 
FLAGLREG = 0x00 
Z = 1 
Clear W Register 
[ label] CLRW 
None 
00h —- (W) 
15Z 
Z 


W register is cleared. Zero bit (Z) is 
set. 


1 
1 
CLRW 
Before Instruction 
W = Ox5A 
After Instruction 


W 
Z 


0x00 
1 
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CLRWDT 
Syntax: 

Operands: 
Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example 


COMF 
Syntax: 
Operands: 


‘Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Clear Watchdog Timer 
{ label] CLRWDT 
None 

00h — WDT 

0 — WDT prescaler, 
1+TO 

1— PD 

TO, PD 


| 00 | 0000 0110 | 0100 


The CLRWDT instruction resets the 
watchdog timer. It also resets the 
prescaler of the WDT. Status bits TO 
and PD are set. 


1 

1 

CLRWDT 

Before Instruction 
WDT counter = ? 

After Instruction 
WDT counter = 0x00 
WDT prescale = 0 
TO = 1 
PD = 1 


Complement f 
[fabel] COMF fd 
0<f<127 

de [0,1] 

(f) + (dest) 

Z 


| 00 | 1001 arrr | ffft 


The contents of register ‘f' are comple- 
mented. If 'd' is 0 the result is stored in 
W. If 'd' is 1 the result is stored back in 
register ‘f'. 


q 
4 
COMF REG1,0 
Before Instruction 
REG1 = 0x13 
After Instruction 
W = OxEC 


DECF 


| Syntax: 


Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


DECFSZ 
Syntax: 
Operands: 


Operation: | 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


-Decrement f 
[ label] DECF f,d 


O<f<127 
de [0,1] 


(f) — 1 — (dest) 
Z 


Decrement register ‘f'. If 'd' is 0 the 
result is stored in the W register. If ‘d’ 
4 1 the result is stored back in register 


1 
1 
DECF CNT) od 


Before Instruction 


CNT =  Ox01 

Z = OQ 
After Instruction 

CNT = 0x00 

Z = 1 


- Decrement f, Skip if 0 
[label] DECFSZ f,d 


0<f<127 
de [0,1] 


(f) - 1 — (dest); skip if result = 0 
None 


| 00 | 1011 | aeee | feet 


The contents of register 'f' are decre- 
mented. If 'd' is O the result is placed in 
the W register. If 'd' is 1 the result is 
placed back in register ‘f'. If the result is 
0, the next instruction, which is already 
fetched, is discarded. A NOP is executed 
instead making it a two cycle instruction. 


4(2) 


HERE DECFSZ CNT, 1 
GOTO LOOP 

CONTINUE ° 
Before Instruction 

PC =  addreSsHERE 
After Instruction 

CNT = CNT-1 

fCNT= 0, 

PC = address CONTINUE 

ifCNT + 0, 

PC = address HERE+1 
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GOTO 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


INCF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


Go to address 
[ labe!/] GOTO k 
0<k<2047 


k — PC<10:0> 
(PCLATH<4:3>) > PC<12:11> 


None 


tkkk | kkkk | kkkk 


GOTO is an unconditional branch. The 
eleven bit immediate value is loaded 
into PC bits <10:0>. The upper bits of 
PC are loaded from PCLATH<4:3>. 
GOTO is a two cycle instruction. 


1 
2 
GOTO THERE 


After Instruction 


PC = Address THERE 
‘Increment f 
[labe!| INCF f,d 
O<f<127 
de [0,1] 
(f) + 1 — (dest) 
Z 


| 00 | 1010 afte | £ffF 


The contents of register ‘f' are incre- 
mented. If ‘d' is 0 the result is placed 
in the W register. If 'd' is 1 the result is 
placed back in register ‘f'. 


1 
1 
INCF CNT, 1 


Before Instruction 


CNT =  OxFF 

Z = 0 
After Instruction 

CNT = 0x00 

Zz = | 


INCFSZ 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


IORLW 

syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


Increment f, Skip if 0 
[label] INCFSZ f,d 


O<f<127 
de [0,1] 


(f) + 1 — (dest), skip if result = 0 
None 


00 | 1421 affe | fff 


The contents of register ‘f' are incre- 
mented. If ‘d' is 0 the result is placed 
in the W register. If ‘d' is 1 the result is 
laced back in register ‘f'. 

f the result is 0, the next instruction, 
which is already fetched, is discarded. 
A NOP is executed instead making it 
a two cycle instruction. 


1 


1(2) 
HERE INCFSZ cNT, 1 
GOTO LOOP 
CONTINUE + 


Before Instruction 


PC =  addresSHERE 
After Instruction 

CNT = CNT+#+1 

ifCNT= 0, 

PC =  addresscONTINUE 

if CNT# 0, 

PC = addresSHERE +1 


Inclusive OR Literal to W 
[label] IORLW k 
O0<k< 255 

(W) .OR. (k) — (W) 

Z 


1000 | kkkk | kkkk 


The contents of the W register are 
OR’ed to the eight bit literal 'k’. The 
result is placed in the W register. 


1 
1 
IORLW 0x35 


Before Instruction 


W = Ox9A 
After Instruction 
W = OxBF 
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IORWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 

| Description: 


MOVLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Inclusive OR W to f 

[ label] IORWF fd 
O0<f<127 

de [0,1] 

(W) .OR. (f) > (W) 

Z 


| 00 0100 | afte | £ffF 


Inclusive OR the W register to register 
'f'. If 'd' is 0 the result is placed in the 
W register. If 'd' is 1 the result is 
placed back in register 'f’. 
1 
1 

IORWF RESULT, 0 


Before Instruction 


RESULT = 0x13 

WwW =  Qx91 
After Instruction 

RESULT = 0x13 

W = 0x93 


Move literal to W 

{ label] MOVLW k 
0<k<255 

k > (W) 


None 


The eight bit literal 'k' is loaded into W 
register. The don't cares will assem- 
ble as 0’s. 


| 
1 
MOVLW Ox5A 


After instruction 
W = Ox5A 


MOVF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: | 
Description: 


Words: 
Cycles: 
Example 


MOVWF 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example 


Move f 
[ label] MOVF f,d 


O0<f<127 
de [0,1] 


(f) — (dest) 
Z 


~1000 | dffft £Eret 


The contents of register f is moved to 
destination d. If d = 0, destination is W 
register. If d = 1, the destination is file 
register f itself. d = 1 is useful to testa 
file register since status flag Z is 
affected. 


1 
1 
MOVF FSR, 0 


After Instruction 
W = value in FSR register 


Move W to f 

[label] MOVWF f 
O<f<127 

(W) — (f) 

None 


| 00 | 0000 | 1£f£ | FEE 


Move data from W register to register 
‘f' ; : : 


1 
1 
MOVWF OPTION 
Before Instruction 
OPTION = OxFF 
W = Ox4F 
After Instruction 
OPTION = Ox4F 
W = Ox4F 
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NOP 

Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 


Description: 
Words: 


Cycles: 
Example 





No Operation 
[ label] NOP 
None 
No operation 
None 
[20 [2000 [oxo | 0000 
No operation. 
1 
, 
NOP 


RETFIE 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


RETLW 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


e 
TABLE ADDWF PC 


Return from Interrupt 
[/abel] RETFIE 
None 


TOS + PC, 
15 GIE 


None 


| 005 o000 | 0000 | 1001 


The Stack is popped and Top of Stack 
(TOS) is loaded into the PC. Interrupts 
are enabled by setting the Global 
Interrupt Enable This is a two cycle 
instruction. 


1 
2 
RETFIE 


After Interrupt 
PC 
GIE 


TOS 


Return Literal to W 
[label] RETLW k 
0<k<255 


k—> W; 
TOS — (PC) 


None 


The W register is loaded with the eight 
bit literal 'k'. The program counter is 
loaded from the top of the stack (the 
return address). This is a two cycle 
instruction. 


1 
2 


CALL TABLE ;W contains table 
;offset value 
e 7W now has table value 


;W = offset 
RETIW k1 ;Begin table 
RETLW k2 : 
RETLW kn : End of table 


Before Instruction 


W = 0x07 
After Instruction 
W = value of k7 
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RETURN 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


RLF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
_ Example 


Return from Subroutine 


[ label] RETURN 
None 
TOS > (PC) | 
None 


| 00 | 0000 0000 | 1000 


Return from subroutine. The stack is 
popped and the Top of Stack (TOS) is 
loaded into the program counter. This 
is a two cycle instruction. 


1 
2 
RETURN 


After Interrupt 
PC = TOS 


Rotate Left f through Carry 
[label] RLF fd 


O0<f<127 


de [0,1] 
See description below 
- 


}oo =| 1102 afre | f£fE 


The contents of register 'f' are 

rotated one bit to the left through 

the Carry Flag. If 'd' is O the result 

is placed in the W register. If 'd’ is 

1 ne result is stored back in regis- 
ter 'f. 


1 
1 
RLF REG1,0 

Before Instruction 
REG1 = 1110 0110 
Cc — 0 

After Instruction 
REG1 = 1110 0110 
W = 1100 1100 
C = 1 


RRF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 


SLEEP 
Syntax: 
Operands: 


- Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Rotate Right f through Carry 
[label] RRF fd 


O<f<127 
de [0,1] 


See description below 
C 


}00 | 1100 afre | fffF 


The contents of register 'f are rotated 
one bit to the right through the Cary 
Flag. If 'd’ is 0 the result is placed in the 
W register. If 'd is 1 the result is placed 
back in register f. 


1 
1 
RRF REG1, 0 


Before Instruction 


REG1 = 1110 0110 
C = 0 

After Instruction 
REG1 = 1110 0110 
-W = 0111 0011 
C = 1- 


Go into Standby Mode 


[label] SLEEP 
None 


00h - WDT, 
0 — WDT prescaler 
1— TO, 


0+ PD 
TO, PD 


}00 | 0000 0110 | 0011 


The power down status bit (PD) 
is cleared. Time-out status bit 
(TO) is set. Watchdog Timer and 
its prescaler are cleared. 

The processor is put into SLEEP 
mode with the oscillator 
stopped. 


4 


1 
SLEEP 


SA ST DE SE EES ST SSE PS ETS EEE SL SST ES RE IS ES EE SIE PE I A PETE SSE TEE TE TEED 
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SUBLW 
Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 1: 


Example 2: 


Example 3: 


Subtract W from Literal 
[label] SUBLW k 
0<k<255 

k — (W) > (W) 

C,DC,Z 


The W register is subtracted (2’s 
complement method) from the 
eight bit literal 'k'. The result is 
placed in the W register. 


{ 
1 

SUBLW 0x02 
Before Instruction 


= 1 

C =? 
After Instruction 

W =1 

C = 1; result is positive 
Before Instruction 

W =2 

C =? 
After Instruction 

W =0 

C = 1; result is zero 
Before Instruction 

W =3 

C =? 
After Instruction 

W = FF 

C = 0; result is negative 


SUBWF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 1: 


Example 2: 


Example 3: 


Subtract W from f 
[label] SUBWF f,d 
0<f< 127 

de [0,1] 

(ft) — (W) > (dest) 

C, DC, Z 


[oo | voi [aeee | sree 


Subtract (2’s complement meth- 
odize W register from register ‘f'. 
If ‘d' is O the result is stored in 
the W register. If ‘d’ is 1 the 
result is stored back in register 
'f'. 

1 

1 


SUBWF REG1,1 


Before Instruction 


REG1 = 3 

W = 2 

C = ? 
After Instruction 

REG1 = 1 

W = 2 

C = 1; result is positive 
Before Instruction 

REG1 = 2 

W = 2 

C = ? 
After Instruction 

REGi1 =0 

WwW = 2 

C = 1; result is zero 
Before instruction 

REG1 = 1 

WwW = 2 

Cc = ? 
After Instruction 

REG1 = FF 

W = 2 

C = 0; result is negative 
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SWAPF 
Syntax: 


Operands: 


Operation: 


Status Affected: 


Encoding: 
Description: 


Words: 
Cycles: 


Example 





Swap f 


[ label SWAPF f,d 
] 

0<f<127 

de [0,1] 

f<3:0> > d<7:4>, 


. £<7:4> + d<3:0> 


None 


The upper and lower nibbles of 
register ‘f are exchanged. If ‘d’ is 
O the result is placed in W register. 
If 'd' is 1 the result is placed in reg- 
ister 'f. 
1 
1 

SWAP F REG, 0 


Before Instruction 


REG1 = OQxA5 
After Instruction 

REG1 =  OxA5 

W = Ox5A 





XORLW Exclusive OR Literal to W 
Syntax: [label] XORLW k 
Operands: 0<k<255 
Operation: (W) .XOR. k - (W) 
Status Affected: Z 
Description: The contents of the W register 
are XOR’ed with the eight bit lit- 
eral 'k’. The result is placed in 
the W register. 
Words: 1 
Cycles: 1 
Example: XORLW OxAF 
Before Instruction 
W = OxB5 
After Instruction 
W = Ox1A 
XORWF Exclusive OR W tof 
Syntax: [label] XORWF fd 
Operands: 0<f<127 | 
de [0,1] 
Operation: (W) .XOR. (f) — (dest) 
Status Affected: Z 
Description: Exclusive OR the contents of the 
W register with register 'f’. If 'd' is 
0 the result is stored in the W reg- 
ister. If 'd' is 1 the result is stored 
back in register 'f'. 
Words: 1 
Cycles: 1 
Example XORWF REG 1 
Before Instruction 
REG =  OxXAF 
W = OxB5 
After Instruction 
REG =  OxiA 
W =  OxB5 


NSE LLL PR PIE IR SES TITTIES CID SC SEES EI IEEE PPT ETE TPT TALI. IPE SES REET OIE TSI CE DOD GALE LO ERTL LST TEEPE I SL ERE CE PE TEI TBI EELS IDE CLT ELE TREE ES IIE PTE BT LETT EE TET DELICE I TET LTE ELENA TED ELLA 
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10.0 DEVELOPMENT SUPPORT 


10.1 Development Tools 


The PIC16/17 microcontrollers are supported with a full 
range of hardware and software development tools: 


e PICMASTER® Real-Time In-Circuit Emulator 

e PRO MATE™ Universal Programmer 

° PICSTART® Low-Cost Prototype Programmer 

e PICDEM-1 Low-Cost Demonstration Board 

e PICDEM-2 Low-Cost Demonstration Board 

e MPASM Assembler 

e MPSIM Software Simulator 

¢ C Compiler (MP-C) 

e Fuzzy logic development system 
(fuzzyTECH®-MP) 


10.2 PICMASTER: High Performance 
Universal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is 
intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura- 
tion is shown in Figure 10-1. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support ail new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 386 (and better) machines in the Microsoft 
Windows™ 3.x environment. Thus, allowing the opera- 
tor access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen- 
erally found on more expensive development tools. The 
AT platform and Windows 3.x environment was chosen 
to best make these features available to you, the end 
user. 


The PICMASTER Universal Emulator System consists 
primarily of four major components: 


¢ Host-Interface Card 

e Emulator Control Pod 

e Target-Specific Emulator Probe 

e PC-Host Emulation Control Software 


The Windows 3.x operating system allows the devel- 
oper to take full advantage of the many powerful fea- 
tures and functions of the PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


PC-Host Emulation Control software takes full advan- 
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.x, two or more PICMASTER emula- 
tors can be run simultaneously from the same PC mak- 
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16CXX pro- 
cessor and a PIC17CXX processor). 


The PICMASTER probes specifications are shown in 
Table 10-1. 


FIGURE 10-1: PICMASTER SYSTEM CONFIGURATION 


oO 
Windows 3.x | © 
© 


Common Interface Card 
PC Compatible Computer 





Interchangeable 
— Emulator Probe 


Logic Probes 


I SR PTS RS SE EP IE EE I ATRIA IE PSA SE PEELE IE EE CE LEED EE IE TE EDA LI ASE TE GET ESET PET SE A SET TE TOTE ETE EO TEE AEE ATE TIE TREE ERE ER EL SE ELE ELE ILE IEEE EGE 
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TABLE 10-1: PICMASTER PROBE SPECIFICATION | | 


PROBE 

















PICMASTER Probe | © Devices Supported 
. . Frequency _ Voltage 
PIC16C54, PIC1GC54A, PIC16CR54, PIC16C55, 
PIC16C56, PIC16C57, PICIGCR57A, PIC16C58A, and | 
PIC16CR58A | 


* PROBE-16F indirectly supports the PIC16C65. 


DS30081E-page 2-786 © 1995 Microchip Technology Inc. 


PIC16C84 





10.3 PRO MATE: Universal Programmer 


The PRO MATE Universal Programmer is a full-fea- 
tured programmer capable of operating in stand-alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable VoD and VPP sup- 
plies which allows it to verify programmed memory at 
VDD min and VDD max for maximum reliability. It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand- 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect bits in this 
mode. 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. Full screen display and editing of data, 
easy selection of fuse configuration and part type, easy 
selection of VDD min, VDD max and VPP levels, load and 
store to and from disk files (Intel® hex format) are some 
of the features of the software. Essential commands 
such as read, verify, program and blank check can be 
issued from the screen. Additionally, serial program- 
ming support is possible where each part is pro- 
grammed with a different serial number, sequential or 
random. 


The PRO MATE has a modular “programming socket 
module”. Different socket modules are required for dif- 
ferent processor types and/or package types. 


PRO MATE supports all PIC16C5X, PIC16CXX and 
PIC17CXX processors. 


10.4 PICSTART Low-Cost Development 
System 


The PICSTART programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS-232) ports. A PC-based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. PICSTART is not recommended for pro- 
duction programming. 


10.5 PICDEM-1 Low- t PIC16/17 
Demonstration Board 


The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip’s microcontrol- 
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84 and PIC17C42. All necessary 
hardware and software is included to run basic demo 
programs. The users can program the sample micro- 
controllers provided with the PICDEM-1 board, ona 
PRO MATE or PICSTART-16B programmer, and 
easily test firmware. The user can also connect the 
PICDEM-1 board to the PICMASTER emulator and 
download the firmware to the emulator for testing. 
Additional prototype area is available for the user to 
build some additional hardware and connect it to the 
microcontroller socket(s). Some of the features include 
an RS-232 interface, a potentiometer for simulated 
analog input, push-button switches and eight LEDs 
connected to PORTB. 


10.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 


The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
PIC16C74 microcontrollers. All the necessary hard- 
ware and software is included to run the basic 
demonstration programs. The user can program 
the sample microcontrollers provided with the PIC- 
DEM-2 board, ona PRO MATE programmer or PIC- 
START-16C, and easily test firmware. The 
PICMASTER emulator may also be used with the PIC- 
DEM-2 board to test fimnware. Additional prototype 
area has been provided to the user for adding addi- 
tional hardware and connecting it to the microcontroller 
socket(s). Some of the features include a RS-232 inter- 
face, push-button switches, a potentiometer for simu- 
lated analog input, a Serial EEPROM to demonstrate 
usage of the I°C bus and separate headers for connec- 
tion to an LCD module and a keypad. 
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10.7 Assembler (MPASM) — 


The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ- 
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami- 
lies. : | 


MPASM offers full featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. | : | 
MPASM allows full symbolic debugging from 
the Microchip Universal Emulator System 
(PICMASTER). 


MPASM has the following features to assist in develop- 

ing software for specific use applications. 

e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

¢ Macro assembly capability | 

Produces all the files (Object, Listing, Symbol, 


and special) required for symbolic debug with 
Microchip’s emulator systems. 


Supports Hex (default), Decimal and Octal source 
and listing formats. ae ; 3 


MPASM provides a full feature directive language rep- 
resented by four basic classes of directives: _ 


e Data Directives are those that control the alloca- 
tion of memory and provide a way to refer to data 
items symbolically, i.e., by meaningful names. 

¢ Listing Directives control the MPASM listing dis- 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 

¢ Control Directives permit sections of condition- 
ally assembled code. | 

e Macro Directives control the execution and data 
allocation within macro body definitions. 


10.8 Software Simulator (MPSIM) 


The MPSIM Software Simulator allows code develop- 
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 
examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 


TABLE 10-2: DEVELOPMENT SYSTEM PACKAGES 
1 PICMASTER System PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft- 
ware Simulator, Samples and your choice of Target Probe 
2 PICSTART System PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 
PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro- 
grammer, Assembler, Simulator 













PRO MATE System 





radix can be set by the user and the execution can be 
performed in; single step, execute until break, or in a 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 


10.9 C Compiler (MP-C) 


The MP-C Code Development System is a complete 'C' 
compiler and integrated development environment for 
Microchip’s PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display 
(emulator software versions 1.13 and later). 


The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can- 
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. | | 


10.10 Fuzzy Logic Development System 
(fuzzyTECH-MP) | 


fuzzyTECH-MP fuzzy logic development tool is avail- 
able in two versions - a low cost introductory version, 
MP Explorer, for designers to gain a comprehensive 
working knowledge of fuzzy logic system design; and 
a full-featured version, fuzzVTECH-MP Edition, for 
implementing more complex systems. 


Both versions include Microchip’s fuzzyv_AB™ demon- 
stration board for hands-on experience with fuzzy logic 
systems implementation. 


10.11 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 10-2. 
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11.0 ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings t 

Ambient temperature under bias..................cccccesseesseesssssseneeeeeee Deedee hee ene anos -55 to +125°C 
MIOKaAGe TOMO EAL Sc cs seta ceetittas cia sual Sv cen Seiwa yah wigan sxpesua vou ta ea wed sede aeeve eee ooeee oak ese ews aS ee Cees va cteeee -65°C to +150°C 
Voltage’on: VDD Will TESDECL TO: VSS. ssssesaicieces es eoccceancesceeven'ec idesaes iva exierecvadveasn sacar devsepeepeene sin cas vesetinesteeterentaas 0 to +7.5V 
Voltage on MCLR with respect to VSS (Note 2) .....cceccscscesccsscsssccssssessssccsesscesseessscsuceasscsecenseseseecaesecseceuaneneenees 0 to +14V 
Voltage on all other pins with respect tO VSS .............cccsssssssscceeeeeeseeesesssnsseecanececeecnsuaseeeeeeeseeeeeseetseees -0.6V to (VDD + 0.6V) 
TOtali POWer CisSipation: (NGUC 1) icc cecszvesissscts'ccsscuees anya eaesenicdawkontasieees es vans es eae eu vanaele once ud oaee Mateecha ueatinens eaeteeene 800 mW 
Maximuint CUment OUT-OF VSS Pils casscacends eis se ase atresia en dah cana peer naa seaadedicebaoucus Aaah adeaadlecuaventayadteusvaeweedauente ys 150 mA 
MaxiImum:CUrreNntINIO VDD DIM xtasssaiscsesveaassesseadepin deere WaaiebeduervabducecalstwannsunweadencadecnsatvepaneceadsdadelincedvasioanduaeSarodivesndane 100 mA 
Input clamp current, IK (VI < O OF VI > VDD) uu... ccc ccecesesscsccsscsscsseessecsecscessesseessceseseseeeseseneceneesessscassasenseeseeseseseeeeeneesees +20 mA 
Output clamp current, lOK (VO < 0 OF VO >VDD) .........cceesessesssscsscssessessssecssssessssssessessesaecaseeceonscssssesssecesssasseceesaeseesseeates +20 mA 
Maximum output Current SUNK by Any I/O Pin ..............ccccecceccesecessseeceneceuecenccnseeececcoeaseseeecsesecausnrcnseeesseessoeseneceseeseeees 25 mA 
Maximum output current sourced by any I/O pin oo... eee eeeeeeeeeeenececeeeeesecsececeeeseceeuessseenseaaeesonsrseeaseeeesesnneeeeseeens 20 mA 
Maximunmcurrent Sunk by PORTA sivssasciicctstaccessvatauicvanaatistdgnlediocd ddsaventessadestevenchaadstebee cassusicucupesse aslecgeavasaclesens cecnotes 80 mA 
Maximum currentsourced Dy PORTA cscesics toteccocaisteistassasaccquassdeacouccivctivcueapinadedysauds baduaewksenseisdibsevsaendaaeeveteh uasaipiesens 50 mA 
Maximum: -CUnmenE SUNK: Dy PO RUB sci cescs eels eccicg 8 echt siccxndwante tte daetevhadautniaoa eaves cas eiabarnededaseducs ieee ceues neues 150 mA 
Maximum current sourced by PORTS cisicsctussasnesch eles ic ctecacdel ives sdigtdens Ueecudeddacececlaasnsausbavstepeedendshineviaes SObscaasadaunene 100 mA 


Note 1: Power dissipation is calculated as follows: Pdis = VopD x {IDD - > IOH} + > {(VDD-VOH) x IOH} + %(VOl x OL) 
Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. 





Thus, a series resistor of 50-100Q should be used when applying a “low” level to the MCLR pin rather than 
pulling this pin directly to Vss. 





TABLE 11-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


1684-04 16C84-10 16L.C84-04 


RC Vop: 4.0V to 6.0V 
IDD: 4.5 MA max. at 5.5V 
IPD: 100 A max. at 4V WDT dis 
Freq: 4 MHz max. 

XT Vobp: 4.0V to 6.0V 
IDD: 4.5 mA max. at 5.5V 
IPD: 100 nA max. at 4V WDT dis 
Freq: 4 MHz max. 


HS 
Hon A ation Do not use in HS mode 


LP Vpb: 2.0V to 6.0V 
3 IDD: 60 LA max. at 32 kHz, 2.0V 
Do notuse inLP mode =| 155: 100 wA max. at 4.0V WDT dis 
Freq: 200 kHz max. 


The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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11.1 DC CHARACTERISTICS: PIC16C84-04 (Commercial, Industrial) — 
PIC16C84-10 (Commercial, Industrial) 






Standard Operating Conditions (unless otherwise stated) 
| Operating temperature 

DC CHARACTERISTICS | -40°C < TA <$ +85°C for industrial and 

0°C < TA < +70°C for commercial 


———Gharecterisie [Sm [in [yp Wax] Unie" Condfn 


Supply Voltage ae eee Re ee XT, RC and LP osc configuration (16C84-04) 
4. 5 HS osc configuration (16C84-10) 
al ll Dl 
Voltage (Note 1) | | : 
Oa ll ler 


guarantee Power-On Reset 


VDD rise rate to guarantee ouDe 0.05* V/ms | See section on Power-On Reset for details 
Power-On Reset 


Supply Current (Note 2) =F RC and XT osc configuration 


mA | Fosc = 4 MHz, VpD = 5.5V 
40 | 100/ pA 
e 100 a 
100 


During EEPROM programming 
4.5 | mA | Fosc = 4 MHz, VoD = 5.5V (Note 4) 
* These parameters are characterized but not aa . ; 
t+ Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance ony 











































Power Down Current (Note 3) 






35 400 | wA |LP osc configuration (PIC16C84-04) 
and are not tested. 


Fosc = 32 kHz, VDD = 4.0V, WDT disabled 
mA _|HS osc configuration (PIC16C84-10) 
Fosc = 10 MHz, VoD = 5.5V 
VDD = 4.0V, WDT enabled, -40°C to +85°C 
VbD = 4.0V, WDT disabled, -0°C to +70°C 
VDD = 4.0V, WDT disabled, -40°C to +85°C 
Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such a as V/O pin 
loading and switching rate, oscillator type, internal code execution pattem, and temperature also have an 
impact on current consumption. | 
The test conditions for all lDD measurements in active operation mode are: a 
OSC1 = external square wave, from rail to rail; all 1/O pins tristated, pulled to VoD, TOCKI = Vbp, 

MCLR = Vop; WOT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to \bp or Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti- 
mated by the formula IR = VoD/2Rext (mA) with Rext in kOhm. 
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11.2 DC CHARACTERISTICS: PIC16LC84-04 (Commercial, Industrial) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature 
DC CHARACTERISTICS -40°C < TA < +85°C for industrial and 
< TA < +70°C for commercial 


[Units] _____——Conditions | 
XT, RC, and LP osc configuration 


Device in SLEEP mode | 
VDD start voltage to guarantee V___| See section on Power-On Reset for details 
Power-On Reset | 


VDD rise rate to guarantee See section on Power-On Reset for details 
Power-On Reset 


Supply Current (Note 2) RC and XT osc configuration 
Fosc = 4 MHz, VoD = 5.5V 
During EEPROM programming 
Fosc = 4 MHz, VDD = 5.5V (Note 4) 
LP osc configuration 
Fosc = 32 kHz, VDD = 2.0V, WDT disabled 
Power Down Current (Note 3) VDD = 2.0V, WDT enabled, -40°C to +85°C 
VDD = 2.0V, WDT disabled, 0°C to +70°C 
VoD = 2.0V, WDT disabled, -40°C to +85°C 





* These parameters are characterized but not tested. 
t Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. | , 
Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin 
loading and switching rate, oscillator type, intemal code execution pattem, and temperature also have an 
impact on the current consumption. 

The test conditions for all IoD measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all I/O pins tristated, pulled to VoD, TOCKI = Vpp, 
MCLR = Vpp; WDT enabled/disabled as specified. 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti- 
mated by the formula IR = VoD/2Rext (mA) with Rext in kOhm. 


TSE eae LE I aN eS aT ee ee a a Ee 
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11.3 DC CHARACTERISTICS: PIC16C84-04 (Commercial, Industrial) 
PIC16C84-10 (Commercial, Industrial) 
PIC16LC84-04 (Commercial, Industrial) 

Standard Operating Conditions (unless otherwise stated) 

Operating temperature 























-40°C) 3 3=—s- S$ TA S$ +85°C for industrial and 
O0°C §=—6 S$ TAS. +70°C for commercial 
Operating voltage VDD range as described in DC spec Table 11-1 and 
Table 11-2. 


—— errata Pm [OR —————~eoptsw ——— 
Input Low Input LowVoltage  —~—~—~C~ST 
1/O ports 
with TTL buffer 
with Schmitt Trigger buffer 
MCLR, RA4/TOCKI,OSC1 
(in RC mode) 
OSC1 (in XT, HS and LP) 
Input High Voltage 
1/O ports 
with TTL buffer | 
with Schmitt Trigger buffer 
MCLR, RA4/TOCKI, OSC1 
(RC mode) 
OSC1 (XT, HS and LP) 


DC CHARACTERISTICS 












Output Low Voltage 
I/O ports 
OSC2/CLKOUT 

(RC osc configuration) 
Output High Voltage 
I/O ports (Note 3) 
OSC2/CLKOUT 

(RC osc configuration) 
Capacitive Loading Specs on 
Output Pins 

OSC2/CLKOUT pin 






loL = 8.5 mA, VDD = 4.5V, -40°C to +85°C 
lOL = 1.6 mA, VoD = 4.5V, -40°C to +85°C 


















lOH = -3.0 mA, VDD = 4.5V, -40°C to +85°C 
IOH = -1.3 mA, VDD = 4.5V, -40°C to +85°C 








In XT, HS and LP modes when extemal 
clock is used to drive OSC1. 






* 


These parameters are characterized but not tested. 
{ Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PiC16C84 be driven with extemal clock in RC mode. 
2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
3: Negative current is defined as coming out of the pin. 
4: The user may use better of the two specs. 
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11.4 DC CHARACTERISTICS: PIC16C84-04 (Commercial, Industrial) 
PIC16C84-10 (Commercial, Industrial) 
PIC16LC84-04 (Commercial, Industrial) 


Standard Operating Conditions (unless otherwise stated) 
Operating temperature 
-40°C < TA < +85°C for industrial and 
BO CHAHAC TENS Ge 0°Cc < TA <+70°C for commercial 
Operating voltage VDD range as described in DC spec Table 11-1 and 
Table 11-2 


Sym | Min | Typt | Max | Units) Conditions 


VbD for read/write 
Erase/Write cycle time 


| E/W 
3 V 
VoD for erase/write ; 5.5 V 
Erase/Write cycle time .-“ | ms |Notet 


t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. . | 7: 3 
Note 1: The user should use interrupts or pull the EEIF or WR bits to ensure the write cycle has completed. 
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11.5 Timing Parameter Symbology . 


The timing parameter symbols have been created following one of the following formats: 





1. TppS2ppS 8.Tcc:st (I? specifications only) 
2. TppS 4.Ts (I2C specifications only) 
T 

F Frequency T Time 


Lowercase symbols (pp) and their meanings: 


CLKOUT 


/O port 





Fall Period 


High Rise 
Invalid (Hi-impedance) Valid 
Hi-impedance 








FIGURE 11-1: PARAMETER MEASUREMENT INFORMATION 


0.7 Vop XTAL 
0.8Vop RC (High) ar 2.0 Vop (High) 


s2ct- 0.3 VoD XTAL ----- 0.2VpD (Low) 
0.15 Vpp RC (Low) 


OSC 1 Measurement Points I/O Port Measurement Points 


All timings are measured between high and low measurement points as indicated in the figure. 


ena A Sg ED I SI I PTET ES SEE EE SIE A 8S IS SO LEAS SLPS STII SE TE EI ES TSE EI PTSD PL TEI TDS SI ATT Te PIECE EN OD TT IA I ETT TCE LENCE 
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11.6 Timing Diagrams an ification 


FIGURE 11-2: EXTERNAL CLOCK TIMING 








TABLE 11-2: EXTERNAL CLOCK TIMING REQUIREMENTS 
























External CLKIN Frequency 
(Note 1) 


XT, RC osc mode, 2V <VpD <6V 
XT, RC ose mode, 3V <VpD <6V 
HS osc mode (PIC 16C84-10) 

LP osc mode | 
RC osc mode, 2V < Vpp < 6V 
RC ose mode, 3V < Von < 6V 
XT osc mode, 2V < VoD < 6V 
XT ose mode, 3V < VoD < 6V 
HS ose mode (PIC16C84-04) 
LP osc mode (PIC16LC84-04) 
XT and RC ose mode 
HS osc mode (PIC 16C84-04) 
HS osc mode (PIC 16C84-10) 
LP osc mode 
RC osc mode 
XT osc mode 
HS osc mode 
HS osc mode (PIC16C 84-10) 
LP osc mode 














Oscillator Frequency 
(Note 1) 
















External CLKIN Period 
(Note 1) 
















Oscillator Period 
(Note 1) 













Instruction Cycle Time (Note 1) 


These parameters are characterized but not tested. 


t Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

Note 1: Instruction cycle period (TcY) equals four times the input oscillator time-base period. All specified values are 
based on characterization data for that particular oscillator type under standard operating conditions with the 
device executing code. Exceeding these specified limits may result in an unstable oscillator operation and/ 
or higher than expected current consumption. All devices are tested to operate at "min." values with an 
external clock applied to the OSC1/CLKIN pin. 

When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 








XT oscillator, 2.0V < VDD < 3.0V 
XT oscillator, 3.0V < VoD < 6.0V 
LP oscillator 
HS oscillator 
XT oscillator 
LP oscillator 
HS oscillator 





TosR, TosF | Clock in (OSC1) Rise or Fall Time 






ie = 
4 
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FIGURE 11-3: CLKOUT AND 1/0 TIMING 






Osc 


CLKOUT Pea re 
-13—- ae 
' 14° 19. ~18- 
a a at —+ 


' 
' 
t ' t 


we LLL _ LLLL 


ee 4A5———_+—_»' _ 


; —e! ‘a 20, 21 


Note: All tests must be done with specified capacitive loads (see datasheet) 50 pF on I/O pins and CLKOUT. 


TABLE 11-3: CLKOUT AND I/O TIMING REQUIREMENTS 


Parameter . 
No. Sym . Characteristic 


TosH2ckL |OSC1T to CLKOUTL a 
TosH2ckH |OSC1T to CLKOUTT [| 















Tek [GLKOUT Hse time | 
CLKOUTL to Port out valid [| 
Port in valid before CLKOUTT 0.30TcY+30 * 


TckH2iol —_| Port in hold after CLKOUTT Oe | 
OSC1T (Q1 cycle) to Port out valid fT oo 


OSC1T (Q2 cycle) to Port input invalid 


(1/0 in hold time) 


| ns 

Boe 

init el Malt Ld 

pose [Steamer [w= =p 

(I/O in setup time) . 

Lee 

es 

| ns | 

Pane 


10 
tt 
12 
13 
14 
15 






16 
17 
18 


Port output fall time 


INT pin high or low time 
RB<7:4> change INT high or low time 


These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. | | 
Note 1: Measurements are taken in RC Mode where CLKOUT output is 4 x Tosc. 


TioR Port output rise time [| ol | 


19 
20 
. 21 
22 
23 


—1} — 
oO}; © 
A 





* 


Se LP DEED EERE IIE TP PI STIS LTE TET SAFO TE PTTL TIS ATE IT IE AIOE TESS TEES A RE BD LE LIE I TESOL TIS TET TEI LITE TE ET NEE PE EEE SEE TE GLO LE AES TTT ETE ESTE EE SAEED ATOLL OIE EIST 
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FIGURE 11-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
TIMER TIMING 


Vop 4 
MCLR J \ f 
Internal GAR essa pe nace alan 
POR ; 
—t—— 33 —— | 
PWRT ; 
Timeout 30 ; 
<_<, ‘ ¢ 
OSC a 
Timeout 
Internal 
RESET 
Watchdog : 
Timer | 
RESET ; 


VO Pins . as 


TABLE 11-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


TIMER REQUIREMENTS 
ee ee, eee ee 
No. 


TmcL |MCLR Pulse Width (low 350 * ns |2.0V<Vop<3.0V 
| 150 * ns |3.0V< Vop<6.0V 
33* fia Vop = 5V, -40°C to +125°C 




















0 ) 
1 Twdt | Watchdog Timer Timeout Period 7* 18 
(No Prescaler) 
2 Oscillation Start-up Timer Period Ss 1024Tosc | — | ms |Tosc =OSC1 period 


Tioz | V/O Hi-impedance from MCLR Low 
or reset 


* These parameters are characterized but not tested. 
t Datain "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 


3 
3 
3 
3 
3 
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FIGURE 11-5: TIMERO CLOCK TIMINGS 








TABLE 11-5: TIMERO CLOCK REQUIREMENTS 


TOCKI High Pulse Width No Prescaler 0.5 Tcy + 20° 


With Prescaler .OV < VoD < 3.0V 
.OV < VoD < 6.0V 


With Prescaler 2.0V < VoD < 3.0V 

3.0V < VoD < 6.0V 

TtOP | TOCKI Period Tcy + 40° N = prescale value 
N (2, 4, ..., 256) 


These parameters are characterized but not tested. 


t . Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. - | 23.3 





TtOL | TOCKI Low Pulse Width No Prescaler 0.5 Tey + 20° 


* 
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12.0 DC & AC CHARACTERISTICS GRAPHS/TABLES 


The data graphs and tables provided in this section are for design guidance and are not tested or guaranteed. In some 
graphs or tables the data presented is outside specified operating range (e.g., outside specified VDD range). This is for 
information only and devices are guaranteed to operate properly only within the specified range. 


The data presented in this section is a statistical summary of data collected on units from different lots over a period of 
time. “Typical” represents the mean of the distribution while 'max' or 'min' represents (mean + 35) and (mean - 30) 
respectively where o is standard deviation. 


FIGURE 12-1: TYPICAL RC OSCILLATOR FREQUENCY vs. TEMPERATURE 


FOsc Frequency Normalized To +25°C 
Fosc (25°C) 


1.10 
1.08 
1.06 
1.04 
1.02 
1.00 
0.98 
0.96 
0.94 
0.92 
0.90 


0.88 





T?°C) 


TABLE 12-1: RC OSCILLATOR FREQUENCIES * 


4.68 MHz 
3.94 MHz 
2.34 MHz 
250.16 kHz 
1.49 MHz 


1.12 MHz 
620.31 kHz 
90.25 kHz 
524.24 kHz 
415.52 kHz 
270.33 kHz 
25.37 kHz 





“Measured in PDIP Packages. The percentage variation indicated here is part to part variation due to normal process 
distribution. The variation indicated is +3 standard deviation from average value. 
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FIGURE 12-2: TYPICAL RC OSCILLATOR FREQUENCY vs. Vpp* | 


PIC16C84 
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Cext = 20 pF, T = 25°C 
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FIGURE 12-3: TYPICAL RC OSCILLATOR FREQUENCY vs. Vpp* 





100 pF, T = 25°C 


Cext 


2 
= 
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FIGURE 12-5: TYPICAL IPD vs. VoD WATCHDOG DISABLED (25°C) 


FIGURE 12-4: TYPICAL RC OSCILLATOR FREQUENCY vs. Vpp* 
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FIGURE 12-6: TYPICAL IPD vs. VoD WATCHDOG ENABLED (25°C) 





FIGURE 12-7: MAXIMUM Ipp vs. VoD WATCHDOG DISABLED 


Vb (Volts) 
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FIGURE 12-8: MAXIMUM IPD vs. VoD WATCHDOG ENABLED* 





VDD (Volts) 





* IPD, with watchdog timer enabled, has two components: The leakage current which increases with higher temperature 
and the operating current of the watchdog timer logic which increases with lower temperature. At -40°C, the latter dom- 
inates explaining the apparently anomalous behavior. 


FIGURE 12-9: VTH (INPUT THRESHOLD VOLTAGE) OF I/O PINS vs. Vpp 


awe 
LZ 5 s | 

= 
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—_| 





VTH(Volts) 
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FIGURE 12-10: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT (IN XT, HS, AND LP MODES) 
vs. VDD 
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FIGURE 12-12: TYPICAL IpD vs. FREQ (EXT CLOCK, 25°C) 
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FIGURE 12-14: WDT TIMER TIME-OUT PERIOD vs. Vpp 
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FIGURE 12-16: TRANSCONDUCTANCE (gm) OF LP OSCILLATOR vs. Vpp 


Typ @ 25°C 


VDD (Volts) 
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FIGURE 12-18: IOH vs. VOH, VOD = 3V 


FIGURE 12-19: IoH vs. VOH, VDD 
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FIGURE 12-20: Ilo vs. VoL, VDD 
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FIGURE 12-21: IoL vs. VOL, Vop 
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TABLE 12-2: INPUT CAPACITANCE * 


| Typical Capacitance (pF) 
Pin Name 
18L PDIP ene re SOIC 


 BORTA.SS™S~S™ 
PORTB 

















OSC1/CLKIN 
OSC2/CLKOUT 
TOCKI 


* All capacitance values are typical at 25°C. Apart to part variation of +25% (three standard deviations) should be taken into 
account. 


SS APS LE SSS TT TL SPIO EP IS SIS ISTP EEL EE EEE EE I ES TEN NTE ES IE SE Ea EE IED EE I I GIL R IEE EEE TEL TTL EET TE EELS IEA TERESA ESE LEAT. BRIERE I BILE A TIDE ETSI IT IEE VO FOE TEE BESET OETA REELS SIS, 
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13.0 PACKAGING INFORMATION 


For Package Dimension, 
please refer to the Packaging section of the Data Book 





© 1995 Microchip Technology Inc. DS30081E-page 2-811 


PIC16C84 





13.1 Package Marking Information 


18L PDIP 


MMMMMMMMMMMMXXX 
O MMMMMMMMXXXXXXXX 


PIC16C84 






10E/P 
9305 CBA 





) AABB CDE 


18L SOIC Example 


XXXXXXXK 
XXXXXXXXK 


PIC16LC84 
041/S0218 


© AABB CDE > 9310 CBA 








Legend: MM...M_ = Microchip part number information 
XX...X Customer specific information* 












AA Year code (last 2 digits of calendar year) 
BB Week code (week of January 1 is week ‘01’) 
C Facility code of the plant at which wafer is manufactured 


C = Chandler, Arizona, U.S.A., 
S = Tempe, Arizona, U.S.A. 
D Mask revision number 
E Assembly code of the plant or country of origin in which 
part was assembled 
In the event the full Microchip part number cannot be marked on one line, 
it will be carried over to the next line thus limiting the number of available 
characters for customer specific information. 


* Standard OTP marking consists of Microchip part number, year code, week 
code, facility code, mask rev#, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales 
Office. For QTP devices, any special marking adders are included in QTP 
price. 











Note: 
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APPENDIX A: CHANGES 


The following is the list of modifications over the 


PIC16C5X microcontroller family: 


i; 


ad 


10. 


11. 


12. 


13. 
14. 
15. 


SS aa IST TE FSP SEE 8 EFS Sc SSS SES I TE SP SES SS LEIS 


Instruction word length is increased to 14 bits. 
This allows larger page sizes both in program 
memory (2K now as opposed to 512 before) and 
the register file (128 bytes now versus 32 bytes 
before). 

A PC latch register (PCLATH) is added to han- 
dle program memory paging. PA2, PA1 and PAO 
bits are removed from the status register and 
placed in the option register. 


Data memory paging is redefined slightly. The 
status register is modified. 

Four new instructions have been added: 
RETURN, RETFIE, ADDLW, and SUBLW. 

Two instructions, TRIS and OPTION, are being 
phased out although they are kept for compati- 
bility with PIC16C5X. 

OPTION and TRIS registers are made address- 
able. 

Interrupt capability is added. Interrupt vector is 
at 0004h. 

Stack size is increased to 8 deep. 

Reset vector is changed to 0000h. 

Reset of all registers is revisited. Five different 
reset (and wake-up) types are recognized. Reg- 
isters are reset differently. 

Wake up from SLEEP through interrupt is 
added. 

Two separate timers, the Oscillator Start-Up 
Timer (OST) and Power-Up Timer (PWRT), are 
included for more reliable power-up. These tim- 
ers are invoked selectively to avoid unneces- 
sary delays on power-up and wake-up. 

PORTB has weak pull-ups and interrupt on 
change features. 

TOCKI pin is also a port pin (RA4/TOCKI). 

FSR is a full 8-bit register. 

“In system programming" is made possible. The 
user can program PIC16CXX devices using only 
five pins: VoD, Vss, VPP, RB6 (clock) and RB7 
(data in/out). 
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APPENDIX B: COMPATIBILITY 


To convert code written for PIC16C5X to PIC16C84, 


the user should take the following steps: 


1. 


2. 


Remove any program memory page select 
operations (PA2, PA1, PAO bits) for CALL, GOTO. 


Revisit any computed jump operations (write to 
PC or add to PC, etc.) to make sure page bits 
are set properly under the new scheme. 


Eliminate any data memory page switching. 
Redefine data variables for reallocation. 


Verify all writes to STATUS, OPTION, and FSR 
registers since these have changed. 


Change reset vector to 0000h. 
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APPENDIX C: WHAT’S NEW 


The conversion of this Data Sheet into the desktop pub- 
lishing software package, The structure of the docu- 
ment has been made consistent with other data sheet. 
This ensures that important topics are covered across 
all PIC16/17 families. Here is an overview list of new 
features: 


° Data Sheet Structure / Outline 


APPENDIX D: WHAT’S CHANGED 


To make software more portable across the different 
PIC16/17 families, some of the registers and control 
bits have been changed. Now control bits that do the 
same function, have the same name (regardless of pro- 
cessor family). Care must still be taken, since they may 
not be in the same special function register. The follow- 
ing lists the register and bit names that have changed: 


TABLE 13-1: BITNAME CHANGES 


OLDNAME |NEWNAME_ | 
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Peripherals 























PIC17C42 232 FTMRO,TMR1, Yes | Yes 40-pin DIP, 44-pin PLCC, 44-pin QFP 
eee EE Inman |” hal it 

PIC17C43* 25 | 4K | 454 FTMRO,TMR1,;2/2! Yes | Yes | 11 | 33 | 2.5-6.0 | 58 |40-pin DIP, 44-pin PLCC, 44-pin QFP 
eee Temes’ |?| | Eee 

PIC17C44 25 | 8K | 454 ITMRO,TMRY1, 2; Yes | Yes| 11 | 33 | 2.5-6.0 | 58 |40-pin DIP, 44-pin PLCC, 44-pin QFP 
ee ET meer |] ee eee eee 


Please contact your local sales office for availability of these devices. . 
Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capa- 
bility. 
2: The PIC17C4X devices can also operate in microprocessor and external microcontroller modes. 
3: PORTB has software-configurable weak pull-ups. 
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Clock} Memory Peripherals 
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192 TMRO, 3 SPI/l?C/| Yes 
na TMR1, TMR2 SC] 
(Rice ee (LE Se ele eet Yes 
eo La DD 
et 12S eae PINOy eh ee Ses) 
[= [6 [= pwr eer 
3 20 #§ 4K 192 TMRO, 2 | SPI/2C/ 5 ch 
TMR1, TMR2 SCI 
4 20 | 4K 192 TMRO, 2 wee Yes | 8ch 
TMR1, TMR2 
Road ect 2 


*Please contact your local sales office 7 Svallabilty of these devices. 
All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability. 

The PIC16CXX Timer1 has its own oscillator circuit and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. 

PORTB has software-configurable weak pull-ups. 
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Proveonsa | 20 | — [ora] as | twro | v2 [aoeas 
se ed 





18-pin DIP, 18-pin SOIC, 20 pin SSOP 
18-pin DIP, 18-pin SOIC, 20 pin SSOP 
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Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current 
capability. 
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E.1 Pin Compatibility 


Devices that have the same package type; and Vpp, 

Vss, and MCLR pin locations, are said to be pin com- 

patible. This allows these different devices to operate in 

the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 
PIC16C61 devices). Not all devices in the same pack- 
age size are pin compatible; for example, the 
PIC16C62 is compatible with the PIC16C63, but not the 
PIC16C55. | 


Pin compatibility does not mean that the devices offer — 
the same features. As an example, the PIC16C54 is » 
pin compatible with the PIC16C71, but does not have 
an A/D converter, weak pull-ups on PORTB, or inter- 
rupts. 


TABLE E-4: PIN COMPATIBILE DEVICES 


Pin Compatible Devices __ | 


PIC16C61, | 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 


PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 


PIC16C62, PIC16C63, PIC16C73 
PIC16C55, PIC16C57, PICI6CR57A | 28pin 
PIC17C42, PIC17C43, PICI7C44 
PIC16C64, PIC16C65, PIC16C74 
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CONNECTING TO MICROCHIP BBS 


Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In. most 
cases a local call is your only expense. The Microchip 
BBS connection does not use CompuServe member- 
ship services, therefore you do not need CompuServe 
membership to join Microchip's BBS. 


There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a Com- 
puServe member to take advantage of this connection 
(you never actually log in to CompuServe). 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe Trademarks: 


aelg allows multiple users at baud rates up to 14400 PICMASTER and PICSTART are registered 
ia trademarks of Microchip Technology Incorporated. 


The following connect procedure applies in most loca- PIC is a registered trademark of Microchip 

tions: Technology Incorporated in the U.S.A. 

1. Set your modem to 8 bit, No parity, and One stop PRO MATE, fuzzyLAB, the Microchip logo and 
(8N1). This is not the normal CompuServe set- name are trademarks of Microchip Technology 


ting which is 7E1. Incorporated. 

2. Dial your local CompuServe access number. 

3. Depress <ENTER.I> and a garbage string will 
appear because CompuServe is expecting a 
7E1 setting. |?C is a trademark of Philips Corporation. 

4. Type +, depress <ENTER.!> and Host Name: IBM, IBM PC-AT are registered trademarks of 


will appear. Intemational Business Machines Corp. 
5. Type MCHIPBBS, depress < ENTER.! > and 
you will be connected to the Microchip BBS. 


fuzzyTECH is a registered trademark of Inform 
Software Corporation. 


Pentium is a trademark of Intel Corporation. 


MS-DOS and Microsoft Windows are registered 


sitll alert ea aes aa aasealh pebaligaie tall tly trademarks of Microsoft Corporation. Windows is a 


ber closest to you, set your modem to 7E1 and dial 


(800) 848-4480 for 300-2400 baud or (800) 331-7166 Gade inark ob Niicrose t Polporauon: 

for 9600-14400 baud connection. After the system CompuServe is a registered trademark of 
responds with Host Name:, type CompuServe Incorporated. 

NETWORK, depress < ENTER. > All other trademarks mentioned herein are the 





and follow CompuServe's directions. property of their respective companies. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 
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READER RESPONSE 


It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod- 
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 


Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 


To: Technical Publications Manager Total Pages Sent 
RE: Reader Response 


From: Name 





Company gs SF 
Address a ee 
City / State / ZIP / Country 


Telephone: ( ) ee PAK C22) oe oa 
Application (optional): 


Would you like a reply? Y N 


Device: PIC16C84 Literature Number: DS30081E 


Questions: 


1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? 

3. Do you find the organization of this data sheet easy to follow? If not, why? 

4. What additions to the data sheet do you think would enhance the structure and subject? 

5. What deletions from the data sheet could be made without affecting the overall usefullness? 
6. ls there any incorrect or misleading information (what and where)? 

7. How would you improve this document? 


8. How would you improve our software, systems, and silicon products? 
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PIC16C84 Pr ct Identification tem 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. | | | | | ; | 












PARTNO. -XX° X /XX XXX_ | | 
Pattern: 3-Digit Pattern Code for QTP (blank otherwise) 


Package: P PDIP 
SO SOIC (Gull Wing, 300 mil body) 


Examples: 


Temperature - 0°C to +70°C a) PICIEC84 - 04/P 901 = 
Range: ~40°C to +85°C Commercial temp., PDIP package, 
4 MHz, normal VoD limits, 


QTP pattern #301 
Frequency 04 4 MHz -RC, -XT / 200 kHz -LP PIC16L.C84 - 041/SO = 
Range: 10 10 MHz | Industrial temp., SOIC package, 


Device: PIC16C84_—s ‘VoD range 4.0V to 6.0V an pel see ~ 
PIC16C84T _:(Tape and Reel) = 
PICI6LC84_:Vop range 2.0V to 6.0V DNA Fre paaee 
PIC16LC84T :(Tape and Reel) 10 MHz, normal Voo limits 


Sales an rt 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 





1. Your local Microchip sales office. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 . 

3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 
Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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MICROCHIP P C 1 7C4X 


High-Performance 8-Bit CMOS EPROM Microcontroller 








Devices Included In This Data Sheet PACKAGE TYPES 

© PIC17C42 PDIP, Windowed CERDIP 

* PIC17C43 40 [J ~—> RDO/ADB 
¢ PIC17C44 39 [ =—» RD1/AD9 
High-Performance RISC-like CPU Features nCziane =—- Cl 4 a7 == AAAS 


RCYAD3 <-> (5 36 [J +> RD4/AD12 
35 [J ~+--> RD5VAD13 


¢ Only 58 single word instructions to learn 

e All single cycle instructions (160 ns) except for program 
branches which are two-cycle and table reads/writes 

* Operating speed: 
- DC - 25 MHz clock input 
- DC - 160 ns instruction cycle 


Program 
= 


PIC17C44 


PIC17C43 Cc a ee 
picizcaa2 | KO 


34 |] ~——> RD6/AD14 
33 LL] «—» RD7/AD15 





XPVOLLOld 




















¢ Hardware Multiplier (PIC17C43/C44 Devices only) 
¢ Interrupt capability 
¢ 16 levels deep hardware stack 
¢ Direct, indirect and relative addressing modes 
e Internal/External program memory execution 39 9) «— RD4/AD12 
e 64K x 16 addressable program memory space Sot = De he aouibl 
Peripheral Features Ee Se 38 A aoe 
e 33 1/O pins with individual direction control SuNGhPiceee cas 
¢ High current sink/source for direct LED drive ‘RBI/CAP2 ——» [14 

- RA2 and RA3 are open collector, high voltage hesetNol ean Be 


(12V), high current (60 mA), 1/O REMC Sear Ely 
¢ Two capture inputs and two PWM outputs 
- Captures are 16-bit, max resolution 160 ns 
- PWM resolution is 1- to 10-bit 
¢ TMRO: 16-bit timer/counter with 8-bit programmable 
prescaler 
TMR1: 8-bit timer/counter | 
TMR2: 8-bit timer/counter 
TMR3: 16-bit timer/counter 
Serial Communications Interface (SCI/USART) 
Special microcontroller features 
¢ Power-On Reset (POR), Power-Up Timer nnn) and 
Oscillator Start-Up Timer (OST) 
¢ Watchdog Timer (WDT) with its own on-chip RC oscilla- 
tor for reliable operation 


LNIOVYE — > Lez 


SMTOLSEY +> Lisi 


¢ Code-protection 32 [TI] =» RBS/PWM2 
¢ Power saving SLEEP mode 30 FE] == RBI/CAP2 
* Selectable oscillator options s §$PICi7C4X 2 o=— vss 
CMOS Technology . 26 [II-}<—» AC7/AD7 
¢ Low-power, high-speed CMOS EPROM technology oS pee sos 


* Fully static design 23 FI RC4/AD4 


¢ Wide operating voltage range (2.5V to 6.0V) 
¢ Commercial and Industrial Temperature Range 
¢ Low-power consumption 

- <5mA @ 5V, 4 MHz 

- 100 pA typical @ 4.5V, 32 kHz 

- <1 pAtypical standby current @ 5V 





2aV/Z0H ~~ LLL 12 
€av/eoud -— LiL ce 
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1.0 OVERVIEW 


This data sheet covers the PIC17C4X group of the 
PIC17CXX family of microcontrollers. The following 
devices are discussed in this data sheet: 


¢ PIC17C42 
° PIC17C43 
© PIC17C44 


The PIC17C43 and PIC17C44 devices include archi- 
tectural enhancements over the PIC17C42. These 
enhancements will be discussed throughout this data 
sheet. 


The PIC17C4X devices are 40-Pin, EPROM-based 
members of the versatile PIC17CXX family of low-cost, 
high-performance, CMOS, fully-static, 8-bit microcon- 
trollers. 


All PIC16/17 microcontrollers employ an advanced 
RISC-like architecture. The PIC17CXX has enhanced 
core features, sixteen-level deep stack, and multiple 
intemal and external interrupt sources. The separate 
instruction and data buses of the Harvard architecture 
allow a 16-bit wide instruction word with a separate 
8-bit wide data. The two stage instruction pipeline 
allows all instructions to execute in a single cycle, 
except for program branches (which require two 
cycles). A total of 55 instructions (reduced instruction 
set) are available in the PIC17C42 and 58 instructions 
in the PIC17C43 and PIC17C44 devices. Additionally, a 
large register set gives some of the architectural inno- 
vations used to achieve a very high performance. For 
mathematical intensive applications the PIC17C43 and 
PiC17C44 devices have a single cycle 8 x 8 Hardware 
Multiplier. 


PIC17CXX microcontrollers typically achieve a 2:1 
code compression and a 4:1 speed improvement over 
other 8-bit microcontrollers in their class. 


The PIC17C4X devices have up to 454 bytes of RAM 
and 33 I/O pins. In addition, the PIC17C4X adds sev- 
eral peripheral features useful in many high perfor- 
mance applications including: 


e Four timer/counters 

e¢ Two capture inputs 

e¢ Two PWM outputs 

e A Serial Communications Interface (SCl) 


The SCI can be configured for either synchronous or 
asynchronous communications (USART). 


These special features reduce external components, 
thus reducing cost, enhancing system reliability and 
reducing power consumption. There are four oscillator 
options, of which the single pin RC oscillator provides a 
low-cost solution, the LF oscillator is for low frequency 
crystals and minimizes power consumption, XT is a 
standard crystal, and the EC is for external clock input. 
The SLEEP (power-down) mode offers additional 
power saving. The user can wake up the chip from 
SLEEP through several extemal and intemal interrupts 
and device resets. 


There are four configuration options for the device 
operational modes: 


e Microprocessor 
e Microcontroller 
e Extended microcontroller 
e Protected microcontroller 


The microprocessor and extended microcontroller 
modes allow up to 64K-words of external program 
memory. 


A highly reliable Watchdog Timer with its own on-chip 
RC oscillator provides protection against software mal- 
function. 


Table 1-1 lists the features of the PIC17C4X devices. 


A UV-erasable CERDIP-packaged version is ideal for 
code development while the cost-effective One-Time 
Programmable (OTP) version is suitable for production 
in any volume. 


A simplified block diagram of the PIC17C42 is shown in 
Figure 3-1 and the block diagram for the PIC17C43 and 
PIC17C44 devices is shown in Figure 3-2. 


The PIC17C4X fits perfectly in applications ranging 
from precise motor control and industrial process con- 
trol to automotive, instrumentation, and telecom appli- 
cations. Other applications that require extremely fast 
execution of complex software programs or the flexibil- 
ity of programming the software code as one of the last 
steps of the manufacturing process would also be well 
suited. The EPROM technology makes customization 
of application programs (with unique security codes, 
combinations, model numbers, parameter storage, 
etc.) fast and convenient. Small footprint package 
options make the PIC17C4X ideal for applications with 
space limitations that require high performance. High 
speed execution, powerful peripheral features, flexible 
I/O, and low power consumption all at low cost make 
the PIC17C4X ideal for a wide range of embedded con- 
trol applications. 

1.1 Family an war mpatibilit 

Those users familiar with the PIC16C5x and PIC16Cxx 
families of microcontrollers will see the architectural 
enhancements that have been implemented. These 
enhancements allow the device to be more efficient in 
software and hardware requirements. Please refer to 
Appendix A for a detailed list of enhancements and 
modifications. Code written for PIC16C5X or 
PIC16CXX can be easily ported to PIC17CXX family of 
devices (see Appendix B). 


1.2 Development Support 


The PIC17CXX family is supported by a full-featured 
macro assembler, a software simulator, an in-circuit 
emulator, a universal programmer, a "C" compiler, and 
fuzzy logic support tools. 
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TABLE 1-1: | PIC17CXX FAMILY OF DEVICES 


terrae | Picts 










PIC17C44 
























232 
[Hardware Multipier(8x8) | NT Yes, S| Ys, S| 
Yes 
Yes 
[Captureinputs(16-bit) | 
[PWM outputs(upto 10-bit) = | | 
Yes 
Yes 
Program Memory Code Protect ———SSSSS«| SSeS «| Wes? | ves! | 
| 25 mA? 
Package Types 40-Pin DIP, 40-Pin DIP, 40-Pin DIP, 


44-pin PLCC 44-pin PLCC 
44-pin MQFP | 44-pin TQFP 
Note 1: The Code Protect Feature is different from the PIC17C42. 

2: RA2 and RA3 can sink up to 60 mA. 


44-pin PLCC 
44-pin TOFP |. 
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2.0 PIC17C4X DEVICE VARIETIES 


A variety of frequency ranges and packaging options 
are available. Depending on application and production 
requirements, the proper device option can be selected 
using the information in the PIC17C4X Product Selec- 
tion System section at the end of this data sheet. When 
placing orders, please use the “PIC17C4X Product 
Identification System” on the back page of this data 
sheet to specify the correct part number. 


2.1 UV Erasable Devices 


The UV erasable version, offered in CERDIP package, 
is optimal for prototype development and pilot pro- 
grams. 7 


The UV erasable version can be erased and repro- 
grammed to any of the configuration modes. 
Microchip's PRO MATE™ programmer supports pro- 
gramming of the PIC17C4X. Third party programmers 
also are available; refer to the Third Party Guide for a 
list of sources. 


2.2 One-Time-Programmable (OTP) 
Devices 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and 
updates. 


The OTP devices, packaged in plastic packages, per- 
mit the user to program them once. In addition to the 
program memory, the configuration bits must also be 
programmed. 


2.3 Quick-Turnaround-Production (QTP) 
Devices 


Microchip offers a QTP Programming Service for fac- 
tory production orders. This service is made available 
for users who choose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices but 
with all EPROM locations and configuration options 
already programmed by the factory. Certain code and 
prototype verification procedures apply before produc- 
tion shipments are available. Please contact your local 
Microchip Technology sales office for more details. 


2.4 Serialized Quick-Turnaround 
Production (SQTPS) Devices 


Microchip offers a unique programming service where 
a few user-defined locations in each device are pro- 
grammed with different serial numbers. The serial num- 
bers may be random, pseudo-random or sequential. 


Serial programming allows each device to have a 
unique number which can serve as an entry-code, 
password or ID number. 


RR BB IP I a EE IT 
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NOTES: 
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3.0 ARCHITECTURAL OVERVIEW 


The high performance of the PIC17C4X can be attrib- 
uted to a number of architectural features commonly 
found in RISC microprocessors. To begin with, the 
PIC17C4X uses a modified Harvard architecture. This 
architecture has the program and data accessed from 
separate memories. So the device has a program 
memory bus and a data memory bus. This improves 
bandwidth over traditional von Neumann architecture, 
where program and data are fetched from the same 
memory (accesses over the same bus). Separating 
program and data memory further allows instructions to 
be sized differently than the 8-bit wide data word. 
PIC17C4X opcodes are 16-bits wide, enabling single 
word instructions. The full 16-bit wide program memory 
bus fetches a 16-bit instruction in a single cycle. A two- 
stage pipeline overlaps fetch and execution of instruc- 
tions. Consequently, all instructions execute in a single 
cycle (160 ns @ 25 MHz), except for program branches 
and two special instructions that transfer data between 
program and data memory. 


The PIC17C4X can address up to 64K x 16 of program 
memory space. The PIC17C42 integrates 2K x 16 
EPROM program memory on-chip, while the PIC17C43 
integrates 4K x16 and the PIC17C44 integrates 
8K x 16 EPROM program memory. Program execution 
can be intemal only (microcontroller or protected mirco- 
controller mode), extemal only (microprocessor mode) 
or both (extended microcontroller mode). 


The PIC17CXX can directly or indirectly address its 
register files or data memory. All special function regis- 
ters, including the Program Counter (PC) and Working 
Register (WREG), are mapped in the data memory. 
The PIC17CXX has an orthogonal (symmetrical) 
instruction set that makes it possible to carry out any 
operation on any register using any addressing mode. 
This symmetrical nature and lack of ‘special optimal sit- 
uations’ make programming with the PIC17CXX simple 
yet efficient. In addition, the learning curve is reduced 
significantly. 


One of the PIC17CXX family architectural enhance- 
ments from the PIC16CXX family allows two file regis- 
ters to be used in some two operand instructions. This 
allows data to be moved directly between two registers 
without going through the WREG register. This 
increases performance and decreases program mem- 
ory usage. 


The PIC17CXX devices contain an 8-bit ALU and work- 
ing register. The ALU is a general purpose arithmetic 
unit. It performs arithmetic and Boolean functions 
between data in the working register and any register 
file. 


The ALU is 8-bits wide and capable of addition, sub- 
traction, shift and logical operations. Unless otherwise 
mentioned, arithmetic operations are two's comple- 
ment in nature. 


The WREG register is an 8-bit working register used for 
ALU operations. 


The PIC17C43 and PIC17C44 devices also have an 
8 x 8 hardware multiplier. This multiplier generates a 
16-bit result in a single cycle. 


Depending on the instruction executed, the ALU may 
affect the values of the Carry (C), Digit Carry (DC), and 
Zero (Z) bits in the STATUS register. The C and DC bits 
operate as a borrow and digit borrow out bit, respec- 
tively, in subtraction. See the SUBLW and SUBWF 
instructions for examples. 


Although the ALU does not perform signed arithmetic, 
the Overflow bit (OV) can be used to implement signed 
math. Signed arithmetic is comprised of a magnitude 
and a sign bit. The overflow bit indicates if the magni- 
tude overflows and causes the sign bit to change state. 
Signed math can have greater than 7-bit values (mag- 
nitude), if more than one byte is used. The use of the 
overflow bit only operates on bit6 (MSb of magnitude) 
and bit7 (sign bit) of the value in the ALU. That is, the 
overflow bit is not useful if trying to implement signed 
math where the magnitude, for example, is 11-bits. If 
the signed math values are greater than 7-bits (15-, 24- 
or 31-bit), the algorithm must ensure that the low order 
bytes ignore the overflow status bit. 


Care should be taken when adding and subtracting 
signed numbers to ensure that the correct operation is 
executed. Example 3-1 shows an item that must be 
taken into account when doing signed arithmetic on an 
ALU which operates as an unsigned machine. 


EXAMPLE 3-1: SIGNED MATH 


Signed Math Unsigned Math 


-127 (FFh) 255 (FFh) 
+ 1 (01h) + 1 (01h) 
= -126 (FEh) = O (00h) ; C=1 


Signed math requires the result in REG to 
be FEh (-126). This would be accomplished 
by subtracting one as opposed to adding 
one. 


Simplified block diagrams are shown in Figure 3-1 and 
Figure 3-2. The descriptions of the device pins are 
listed in Table 3-1. 
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TABLE 3-1: PIC17C4X PINOUT DESCRIPTIONS 
PLCC, QFP | I/O/P Butter | DesGintion 
No. | No. Type “ P 
OSC1/CLKIN Oscillator input in sqclalifesonaior or RC oscillator mode. 
External clock input in external clock mode. 
OSC2/CLKOUT Oscillator output. Connects to crystal or resonator in crystal 
oscillator mode. In RC oscillator or extemal clock modes 


imocandlll 






































PORTA is a bidirectional I/O Port except for RAO and RA1 
which are input only. 
RAO/INT can also be selected as an external interrupt 
input. Interrupt can be configured to be on positive or 
negative edge. 
Can also be selected to be the clock input to the TMRO 
timer/counter. 
High voltage, high current open collector input/output 
port pins. 
High voltage, high current open collector mpuvoutput 
port pins. 
RA4/RX/DT can also be selected as the SCI Asynchro- 
nous Receive or SCI Synchronous Data. 
RA5/TX/CK can also be selected as the SCI Asynchro- 
nous Transmit or SCI Synchronous Clock. 
PORTB is a bidirectional I/O Port. 










RA1/TOCKI 









RA2 






RA4/RX/DT 









RA5/TX/CK 





















RBO/CAP1 RBO/CAP1 can also be the CAP1 input pin. 
RB1/CAP2 RB1/CAP2 can also be the CAP2 input pin. 
RB2/PWM1 RB2/PWM1 can also be the PWM1 output pin. 
RB3/PWM2 RB3/PWMN2 can also be the PWM2 output pin. 


RB4/TCLK12 RB4/TCLK12 can also be the external clock input to 


Timer1 and Timer2. 
RB5/T CLK3 can also be the external Clock input to 
Timers. 









RB5/TCLK3 















RB6 
| RB7 









PORTC is a bidirectional I/O Port. 











RCO/ADO This is also the lower half of the 16 bit wide system bus in 
RC1/AD1 microprocessor mode or extended microcontroller mode. 
|RC2/AD2 — in multiplexed system bus configuration, these pins are 
RC3/AD3 address output as well as data input or output. 
| RC4/AD4 — 
RC5/AD5 
| RC6/AD6 


RC7/AD7 


~ Legend: | = Input only; O = Output only; I/O = Input/Output; P = Power; — = Not Used; TTL = TTL input; 
ST = Schmitt Trigger input. 
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TABLE 3-1: PIC17C4X PINOUT DESCRIPTIONS (CONT.) 


Nene PLCC /O/P | Buffer Hascrisen 
No. Type| Type P 


PORTD is a bidirectional I/O Port. 

























RDO/AD8 This is also the upper byte of the 16-bit system bus in 

RD1/AD9 microprocessor mode or extended microprocessor mode 

RD2/AD10 or extended microcontroller mode. In multiplexed system 

RD3/AD11 bus configuration these pins are address output as well 
as data input or output. : 

RD4/AD12 

RD5/AD13 

RD6/AD14 


RD7/AD15 






PORTE is a bidirectional I/O Port. 


In microprocessor mode or extended microcontroller 
mode, it is the Address Latch Enable (ALE) output. 
Address should be latched on the falling edge of ALE 
output. 

In microprocessor or extended microcontroller mode, it is 
the Output Enable (OE) control output (active low). 

In microprocessor or extended microcontroller mode, it is 
the Write Enable (WR) contro! output (active low). 
Test mode selection control input. Always tie to Vss for nor- 
mal operation. 


Ground reference for logic and I/O pins. 





Positive supply for logic and I/O pins. 
Legend: | = Input only; O = Output only; I/O = Input/Output; P = Power; — = Not Used; TTL = TTL input; 
.ST = Schmitt Trigger input. 


SE A PRS ES I I EE ST Cp EE AE ESP EE ES DI ST A 2 SI SI TE ES EE IS TE EE CT TE EE 
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3.1 locking Scheme/Instruction | 


‘The clock input (from OSC1) is intemally divided by 


four to generate four non-overlapping quadrature 
clocks, namely Q1,.Q2, Q3 and Q4. Intemally, the pro- 


gram counter (PC) is incremented every Q1, and the 
instruction is fetched from the program memory and | 


latched into the instruction register in Q4.. The instruc- 
tion is decoded and executed during the following Q1 
through Q4. The clocks and instruction execution flow 
are shown in Figure 3-3. 


FIGURE 3-3: CLOCK/INSTRUCTION CYCLE 


| Qi | Q2 | Q3 | a4 at 


3.2. Instruction Flow linin 


An “Instruction Cycle” consists of four Q cycles (Q1, 
Q2, Q3 and Q4). The instruction fetch and execute are 
pipelined such that fetch takes one instruction cycle 
while decode and execute takes another instruction 
cycle. However, due to the pipelining, each instruction 
effectively executes in one cycle. If an instruction 
causes the program counter to change (e.g. GOTO) then 
two cycles are required to complete the instruction (see 
Example 3-2). 


A fetch cycle begins with the program counter incre- 
menting in Q1. 


In the execution cycle, the fetched instruction is latched 
into the “Instruction Register (IR) in cycle Q1. This 
instruction is then decoded and executed during the 
Q2, Q3, and Q4 cycles. Data memory is read during Q2 
(operand read) and written during Q4 (destination 
write). 


pe eines et [ee een oe 


a / \ | / \ ae See | ee | beg 
SN fs erg 


Q4 \ / \ / \ / 


OSC2/CLKOUT 
(RC mod 


C mode 
) Fetch INST (PC 
Execute INST (PC-1 


EXAMPLE 3-2: INSTRUCTION PIPELINE FLOW 


Fetch INST (PC+1 
Execute INST (PC Fetch INST (PC+2 
pe Sa 





| Execute INST (PO+1) 


ssh Do Execute 
PORTB Fetch 2 


SUB_1 
PORTA, BIT3 


Fetch4 


Ge. 1 


All instructions are single cycle, except for any program branches. These take two cycles since the fetch 
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed. 
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40 RESET 


The PIC17CXX differentiates between various kinds of 
reset: 


¢ Power-On Reset (POR) 
e MCLR reset during normal operation 
e WDT time-out reset during normal operation 


Some registers are not affected in any reset condition; 
their status is unknown on POR and unchanged in any 
other reset. Most other registers are reset to a “reset 
state” on Power-On Reset (POR), on MCLR or WDT 
reset during normal operation and on MCLR reset dur- 
ing SLEEP. They are not affected by a WDT reset dur- 
ing SLEEP, since this reset is viewed as the resumption 
of normal operation. The TO and PD bits are set or 
cleared differently in different reset situations as indi- 
cated in Table 4-3. These bits are used in software to 
determine the nature of reset. See Table 4-4 for a full 
description of reset states of all registers. 














Asimplified block diagram of the on-chip reset circuit is 
shown in Figure 4-1. 


4.1 Power-On Reset (POR). Power- 
Timer (PWRT) and illator Start- 
Timer (OST) 


4.1.1 POWER-ON RESET (POR) 


The Power-On Reset circuit holds the device in reset 
until VDD is above the trip point (in the range of 1.4V - 
2.3V). PIC17C43 and PIC17C44 will produce an inter- 
nal reset for both rising and falling VDD. The PIC17C42 
does not produce an intemal reset when VoD declines. 
To take advantage of the POR, just tie the MCLR/VpP 
pin directly (or through a resistor) to VOD. This will elim- 
inate extemal RC components usually needed to cre- 
ate Power-On Reset. A minimum rise time for VDD is 
required. See Electrical Specifications for details. 





4.1.2 POWER-UP TIMER (PWRT) 


The Power-Up Timer provides a fixed 96 ms time-out 
(nominal) on power-up. This occurs from rising edge of 
the POR signal and after the first rising edge of MCLR 
(detected high). The power-up timer operates on an 
intemal RC oscillator. The chip is kept in RESET as 
long as the PWRT is active. In most cases the PWRT 
delay allows the Vpp to rise to an acceptable level. 


The power-up time delay will vary from chip to chip and 
to VoD and temperature. See DC parameters for 
details. 


FIGURE 4-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT 


Module Time_Out 


Reset 


detect Power_On_Reset 


“OST/PWRT 


i> 10-bit Ripple counter 7) | 
= pas 
RC OSCt r> 10-bit Ripple counter Ci 
inal 
Power_U 


(Enable the PWRT timer 
only during Power_Up) 


Enable OST 


t This RC oscillator is shared with the WDT 
when not in a power-up sequence. 
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4.1.3 OSCILLATOR START-UP TIMER (OST) 


The Oscillator Start-Up Timer (OST) provides a 1024 
oscillator cycle (1024 Tosc) delay after MCLR is 
detected high or a wake-up from SLEEP event occurs. 


The OST time-out is invoked only for XT and LF oscil- 
lator modes on a Power-On Reset or a Wake-Up from 
SLEEP. 


The OST counts the oscillator pulses on the OSC1/ 
CLKIN pin. The counter only starts incrementing after 
the amplitude of the signal reaches the oscillator input 
thresholds. This delay allows the crystal oscillator or 
resonator to stabilized before the device exits reset. 
The length of time-out is a function of the crystal/reso- 
nator frequency. 


4.1.4 TIME-OUT SEQUENCE 


On power-up the time-out sequence is as follows: First 
the intemal POR signal goes high when the POR trip 
point is reached. If MCLR is high, then both the OST 
and PWRT timers start. In general the PWRT time-out 
is longer, except with low frequency crystals/resona- 
tors. The total time-out also varies based on oscillator 
configuration. Table 4-1 shows the times that are asso- 
ciated with the oscillator configuration. Figure 4-2 and 
Figure 4-3 display these time-out sequences. 


If the device voltage is not within electrical specification 
at the end of a time-out, the MCLR/VpP pin must be 
held low until the voltage is within the device specifica- 
tion. The use of an external RC delay is sufficient for 
many of these applications. 





TABLE 4-3: 















Power-On Reset 
MCLR reset during normal operation 
MCLR reset during SLEEP 


WDT reset during normal operation 
WDT during SLEEP 


| ae ee WODT reset during normal operation 





TABLE 4-1: TIME-OUT IN VARIOUS 


SITUATIONS 


Oscillator 
Configuration 


Power-up 


Greater of | 1024 Tosc 
(96 ms, 
1024 Tosc) 


Greater of 
(96 ms, 
1024 Tosc) 





The time-out sequence begins from the first rising edge 


of MCLR. 


Table 4-3 shows the reset conditions for some special 
registers, while Table 4-4 shows the initialization condi- 
tions for all the registers. The shaded registers (in 
Table 4-4) only exist for PIC17C43 and PIC17C44 
devices. In the PIC17C42, the PRODH and PRODL 
registers are general purpose RAM. 


TABLE 4-2: STATUS BITS ANDTHEIR 
_ SIGNIFICANCE» 







operation, or CLRWDT instruction executed 


1 MCLA reset during SLEEP or interrupt wake- 
up from SLEEP 


Power-On Reset, MCLR reset during normal 






de or | WDT time-out wake-up from SLEEP 


In Figure 4-2, Figure 4-3 and Figure 4-4, TPWAT > 
TOSsT, as would be the case in higher frequency crys- 
tals. For lower frequency crystals, (i.e., 32 KHz) Tost 
would be greater. 


RESET CONDITION FOR THE PROGRAM COUNTER AND THE CPUSTA REGISTER 


vent SCPC sia ede beta 








Legend: u = unchanged, x = unknown, - = unimplemented, reads as 'O'. 
Note 1: On wake-up, this instruction is executed. The instruction at the appropriate interrupt vector is fetched and 


then executed. 


2: The OST is only active when the Oscillator is configured for XT or LF modes. 
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FIGURE 4-2: TIME-OUT SEQUENCE ON POWER-UP (MCLRTIED TO Vpp) 
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FIGURE 4-4: SLOW RISE TIME (MCLR TIED TO Vpp) 
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FIGURE 4-5: OSCILLATOR START-UP 


TIME | 


- 
Tosc1 


' ‘Tost 
OST TIME_OUT | 


PWRT TIME_OUT 


INTERNAL RESET 


This figure shows in greater detail the timings involved 
with the oscillator start-up timer. In this example the 
low frequency a start-up time is larger than 
wer-up time (TPWAT). 

osci = time for the crystal oscillator to react to an 
oscillation level detectable by the Oscillator Start-Up 
Timer (ost) . 
Tost = 1024 Tosc 


FIGURE 4-6: USING ON-CHIP POR 


PIC17CXX 





FIGURE 4-7: BROWN-OUT PROTECTION 
CIRCUIT1 


| PIC17CXX 


This circuit will activate reset when VoD goes below (Vz 
+ 0.7V) where Vz = Zener voltage. 








FIGURE 4-8: PIC17C42 EXT ERNAL 


POWER-ON RESET CIRCUIT 
(FOR SLOW Vpp POWER- 
UP) ; 


An extemal Power-On Reset circuit is 
required only if VDD power-up time is too 
slow. The diode D helps discharge the 


capacitor quickly when VDD powers 
down. 

: R<40kQ is recommended to ensure that 
the voltage drop across R does not 
exceed 0.2V (max. leakage current spec. 
on the MCLR/Vpp pin is 5 pA). A larger 
voltage drop will degrade ViH level on the | 

PP pin. | 

>: R1=100Q to 1 kQ will limit any current 
flowing into MCLR from extemal capaci- 
tor C in the event of MCLR/VPppP pin break- 
down due to ESD or EOS. 


FIGURE 4-9: _BROWN-OUT PROTECTION 


CIRCUIT 2 


MCLR 


| PIC17CXX 


This brown-out circuit is less expensive, albeit less 
accurate. Transistor Q1 turns off when VoD is belowa - 
certain level such that: 


R1 
© eee 0.7V. 
VOD* —aT AD 
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TABLE 4-4: —_ INITIALIZATION CONDITIONS FOR SPECIAL FUNCTION REGISTERS 


UNBANKED 
INDFO F000 0000 
FSRO aaa wou 
PCLATH gawd aun 
ALUSTA Ta was 
TOSTA 0000 000- 
CPUSTAy [OR [aa 
NDF uu aut 
FSR ana wand 
08h 
00 












WREG aauu wud 
THROL aaua wa 
TROP aauu wa 
TBLPTRL aauu wud 








BANK 0 


PANO ere ee ee | 
PORTE [2h mas (| Sm CYC 
RCSTA [Wh [0000 -00x [0000 -00a «Yat au 
ROREG [Wah [eae soem | mma ou S| wou 
TXSTA au =u 
TRREG [Th [wax som |e wus wou 


SPBRG 


Se ae RXXX KKXK uuuu uuuUu uuuu uuUuU 


12h 

13h 

14h 

16h 

17h 
DDRC cau wa 
PORTC sana usu 
DAD sau wat 


PORTE a 
16h 0000 0010 0000 0010 uuuu uuUU 


Legend: u= unchanged, x= unknown, - = unimplemented, reads as '‘0', ? = value depends on condition 
Note 1: One or more bits in INTSTA, PIR will be affected (to cause wake-up). 
2: When the wake-up is due to an interrupt and the GLINTD bit is cleared, the PC is loaded with the interrupt 
vector. 
3: See Table 4-3 for reset value of specific condition. 
4: These values are for the PIC17C43 and PIC17C44 only. 


\ 
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TABLE 4-4: —_ INITIALIZATION CONDITIONS FOR SPECIAL FUNCTION REGISTERS (CONT.) 


: a | : MCLR Reset Wake up from SLEEP 
oe on neon _- _- WDT Reset _ through interrupt 


THR vOh ~auaa wae 
TWR2 aaa wa 
TWRSL- Tah sau wa 
TRG iah cau uu 

iSh acu wa 
PRACAIL [16h "aaa wa 
PROICATH TTT 


BANK3 ~~ 


aa Tae 
OR [oe ox [mau uu] 
17h 



























statateretetetotetatatatatelnteveretetetatatetatetetetereretepetareratctetatatetentenalatereterstetstergretataratatatenteratataeteerneaeeratacsersteteanaatstataersra ete ee 


, ?=value 
Note 1: One or more bits in INTSTA, PIR will be affected (to cause wake-up). 





2: When the wake-up is due to an interrupt and the GLINTD bit is cleared, the PC is loaded with the interrupt 
vector. 

3: See Table 4-3 for reset value of specific condition. 

4: These values are for the PIC17C43 and PIC17C44 only. 
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5.0 INTERRUPTS 
The PIC17C4X devices have 11 sources of interrupt: 


Extemal interrupt from the RAO/INT pin 
Change on RB<7:0> pins 

TimerO Overflow 

Timer1 Overflow 


Timer2 Overflow 


Timer3 Overflow 

SCI Transmit buffer empty 
SCI Receive buffer full 
Capture1 

Capture2 

TOCKI edge occurred 


There are four registers used in the control and status 
of interrupts. These are: 


CPUSTA 
INTSTA 
PIE 

PIR 


The CPUSTA register contains the GLINTD bit. This is 
the Global Interrupt Disable bit. When this bit is set, all 
interrupts are disabled. This bit is part of the controller 
core functionality and is described in the Memory Orga- 
nization section. 


FIGURE 5-1: INTERRUPT LOGIC 
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When an interrupt is responded to, the GLINTD bit is 
automatically set to disable any further interrupt, the 
return address is pushed onto the stack and the PC is 
loaded with the interrupt vector address. There are four 
interrupt vectors. Each vector address is for a specific 
interrupt source (except the peripheral interrupts which 
have the same vector address). These sources are: 


e External interrupt from the RAO/INT pin 
e TimerO Overflow 

e TOCKI edge occurred 

e Any peripheral interrupt 


When program execution vectors to one of these inter- 
rupt vector addresses (except for the peripheral inter- 
rupt address), the interrupt flag bit is automatically 
cleared. Vectoring to the peripheral interrupt vector 
address does not automatically clear the source of the 
interrupt. In the peripheral interrupt service routine, the 
source(s) of the interrupt can be determined by testing 
the interrupt flag bits. The interrupt flag bit(s) must be 
cleared in software before re-enabling interrupts to 
avoid infinite interrupt requests. 


All of the individual interrupt flag bits will be set regard- 
less of the status of their corresponding mask bit or the 
GLINTD bit. 


For external interrupt events, there will be an interrupt 
latency. For two cycle instructions, the latency could be 
one instruction cycle longer. 


The “return from interrupt” instruction, RETFIE, can be 
used to mark the end of the interrupt service routine. 
When this instruction is executed, the stack is 
"POPed", and the GLINTD bit is cleared (to re-enable 
interrupts). 


Wake-up (If in SLEEP mode 
or terminate long write 


TOIF 
TOIE > 
INTF eS 
INTE 
TOCKIF [) 
TOCKIE 
PEIF 
PEIE ee 


GLINTD 


0 |) Interrupt to CPU 
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5.1 Interrupt Status Register (INTSTA 


The Interrupt Status/Control register (INTSTA) records 
the individual interrupt requests in flag bits, and con- 
tains the individual enable bits (not for the peripherals). 


The PEIF bit is a read only, bit wise OR of all the periph- 
eral flag bits in the PIR register (Figure 5-4). 





FIGURE 5-2: INTSTA REGISTER (ADDRESS: 07H, UNBANKED) 


R-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
PEIF_ | TOCKIF| TOIF | INTF | PEIE |TOCKIE| TOIE | INTE | |R = Readable bit 
P W = Writable bit 
ee | me -n = Value at POR reset 
bit7:  PEIF: Peripheral Interrupt Flag bit _ 
This bit is the OR of all peripheral interrupt flag bits AND’ed with their corresponding heli bits. 


1 = Aperipheral interrupt is pending 
‘0 =No peripheral interrupt is pending 


bit6: | TOCKIF: Extemal Interrupt on TOCKI Pin Flag bit 
This bit is cleared by hardware, when the interrupt logic forces program execution to vector (18h). 
1 =The software specified edge occurred on the RA1/TOCKI pin 
0 = The software specified edge did not occur on the RA1/TOCKI pin 


bit5: | TOIF: TimerO Overflow Interrupt Flag bit 
This bit is cleared by hardware, when the interrupt logic forces program execution to vector (10h). 
1 = Timer0 overflowed . 
0 = Timer0 did not overflow 


bit 4: INTF: External Interrupt on INT Pin Flag bit 
This bit is cleared by hardware, when the interrupt logic forces program execution to vector (08h). 
1 = The software specified edge occurred on the RAO/INT pin 
0 = The software specified edge did not occur on the RAO/INT pin. 
bit3: | PEIE: Peripheral Interrupt Enable bit 
This bit enables all peripheral interrupts that have their corresponding enable bits set. 
1 = Enable peripheral interrupts 
0 = Disable peripheral interrupts | 
bit2: | TOCKIE: External Interrupt on TOCKI Pin Enable bit | 
1 = Enable software specified edge interrupt on the RA1/TOCKI pin 
0 = Disable interrupt on the RA1/TOCKI pin 
bit 1: | TOIE: TimerO Overflow Interrupt Enable bit 
1 = Enable Timer0 overflow interrupt 
0 = Disable Timer0 overflow interrupt 


bit0: INTE: Extemal Interrupt On INT Pin Enable bit 
1 = Enable software specified edge interrupt on the RAO/INT pin 
0 = Disable software specified edge interrupt on the RAO/INT pin 


RA PTI AEE EI PE TO ES I SE SE TTT I TEE PIT EE SE ETT RCE SPE HIE EE FTE RE CSET PPPS TST 2 RE SI TEP A RET OTE EET EE LSE SITE TEE EI ES IE SE ETE 
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5.2 Peripheral Interrupt Enable Register 
(PIE) 


This register contains the individual flag bits for the 
Peripheral interrupts. 





FIGURE 5-3: PIE REGISTER (ADDRESS: 17H, BANK 1) 


RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 
| RBIE |TMRSIE|TMR2IE|TMRIIE| CAZIE| CA1IE| TXIE | RCIE 
bit7 


bit7: | RBIE: PORTB Interrupt on Change Enable bit 
1 = Enable PORTB interrupt on change 
0 = Disable PORTB interrupt on change 
TMR3IE: Timer3 Interrupt Enable bit 
1 = Enable Timers interrupt 
0 = Disable Timers interrupt 


TMR2IE: Timer2 Interrupt Enable bit 
1 = Enable Timer2 interrupt 
O = Disable Timer2 interrupt 


TMRIIE: Timer1 Interrupt Enable bit 


1 = Enable Timer? interrupt 
0 = Disable Timer1 interrupt 


CAZ2IE: Capture2 Interrupt Enable bit 
1 = Enable Capture interrupt on RB1/CAP2 pin 
0 = Disable Capture interrupt on RB1/CAP2 pin 


CA1IE: Capture’ Interrupt Enable bit 

1 = Enable Capture interrupt on RB2/CAP1 pin 
0 = Disable Capture interrupt on RB2/CAP1 pin 
TXIE: SCI Transmit Interrupt Enable bit 

1 = Enable Transmit buffer empty interrupt 

0 = Disable Transmit buffer empty interrupt 
RCIE: SCI Receive Interrupt Enable bit 


1 = Enable Receive buffer full interrupt 
0 = Disable Receive buffer full interrupt 
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5.3 Peripheral Interrupt Request Register 
(PIR) 


This register contains the individual flag bits for the 
peripheral interrupts. 





FIGURE 5-4: PIR REGISTER (ADDRESS: 16H, BANK 1) 


bit7 bitd 


"REE TMPGIF TMRGIF IMAI CAI Peat TIF RGF R = Readable bit 
W = Writable bit 
-n = Value at POR reset 


bit7: | RBIF: PORTB Interrupt on Change Flag bit 
1 = One of the PORTB inputs changed (Software must end the mismatch condition) 
0 = None of the PORTB inputs have changed 
TMRGIF: Timer3 Interrupt Flag bit 
lf Capture1 is enabled (CA1/PR3 = 1) 
1 = Timer3 overflowed 
0 = Timer3 did not overflow 
If Capture1 is disabled (CA1/PR3 = 0) 
1 = TimerS value has rolled over to 0000h from equalling the period register (PRSH:PR3L) value 
0 = Timer3 value has not rolled over to 0000h from equalling the period register (PR3H:PRSL) value 
TMR2IF: Timer2 Interrupt Flag bit 
1 = Timer2 value has rolled over to 0000h from equalling the period register (PR2) value 
0 = Timer2 value has not rolled over to 0000h from equalling the period register (PR2) value 


TMRI1IF: Timert1 Interrupt Flag bit 


if Timer is in 8-bit mode (T16 = 0) 
1 = Timer1 value has rolled over to 0000h from equalling the period register (PR) value 
0 = Timer1 value has not rolled over to 0000h from equalling the period register (PR2) value 


lf Timer is in 16-bit mode (T16 = 1) 


1 = TMR1:TMR2 value has rolled over to 0000h from equalling the period register (PR1:PR2) value 
0 = TMR1:TMR2 value has not rolled over to 0000h from equalling the period register (PR1:PR2) value 


CA2IF: Capture2 Interrupt Flag bit 
1 = Capture event occurred on RB1/CAP2 pin 
0 = Capture event did not occur on RB1/CAP2 pin 


CA1IF: Capture1 Interrupt Flag bit 
1 = Capture event occurred on RBO/CAP1 pin 
0 = Capture event did not occur on RBO/CAP1 pin 


TXIF: SCI Transmit Interrupt Flag bit 
1 = Transmit buffer is empty 

0 = Transmit buffer is full 

RCIF: SCI Receive Interrupt Flag bit 


1 = Receive buffer ts full 
0 = Receive buffer is empty 
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5.4 Interrupt ration 


Global Interrupt Disable bit, GLINTD (CPUSTA<4>), 
enables all unmasked interrupts (if clear) or disables all 
interrupts (if set). Individual interrupts can be disabled 
through their corresponding enable bits in the INTSTA 
register. Peripheral interrupts need either the global 
peripheral enable PEIE bit disabled, or the specific 
peripheral enable bit disabled. Disabling the peripher- 
als via the global peripheral enable bit, disables all 
peripheral interrupts. GLINTD is set on reset (interrupts 
disabled). 


The RETFTE instruction allows returning from interrupt 
and re-enable interrupts at the same time. 


When an interrupt is responded to, the GLINTD bit is 
automatically set to disable any further interrupt, the 
return address is pushed onto the stack and the PC is 
loaded with interrupt vector. There are four interrupt 
vectors to reduce interrupt latency. 


The peripheral interrupt vector has multiple interrupt 
sources. Once in the peripheral interrupt service rou- 
tine, the source(s) of the interrupt can be determined by 
polling the interrupt flag bits. The peripheral interrupt 
flag bit(s) must be cleared in software before re- 
enabling interrupts to avoid continuous interrupts. 


The PIC17C4X devices have 4 interrupt vectors. These 
vectors and their hardware priority are shown in 
Table 5-1. If two enabled interrupts occur "at the same 
time", the interrupt of the highest priority will be ser- 
viced first. This means that the vector address of that 
interrupt will be loaded into the program counter (PC). 


TABLE 5-1: INTERRUPT VECTORS/ 
PRIORITIES 


Address 


0008h External Interrupt on RAO/ 1 (Highest) 

peer [intpn (NT) 

0010h TMRO overflow interrupt 2 
(TOIF) 


0018h External Interrupt on TOCKI 3 
(TOCKIF) : 


0020h Peripherals (PEIF) 4 (Lowest) 
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5.5 INT Interrupt 


The extemal interrupt on the RAO/INT pin is edge trig- 
gered. Either the rising edge, if INTEDG bit 
(TOSTA<7>) is set, or the falling edge, if INTEDG bit is 
clear. When a valid edge appears on the RAO/INT pin, 
the INTF bit (INTSTA<4>) is set. This interrupt can be 
disabled by clearing the INTE control bit (INTSTA<0>). 
The INT interrupt can wake the processor from SLEEP. 
See Section 14.4 for details on SLEEP operation. 


5.6 TMRO Interrupt 


An overflow (FFFFh — 0000h) in TMRO will set the TOIF 
(INTSTA<5>) bit. The interrupt can be enabled/dis- 
abled by setting/clearing the TOIE control bit 
(INTSTA<1>). For operation of the TMRO module, see 
Section 11.0. 


FIGURE 5-5: 


5.7 TOCKI Interrupt 


The extemal interrupt on the RA1/TOCKI pin is edge 


triggered. Either the rising edge, if the TOSE bit 
(TOSTA<6>) is set, or the falling edge, if the TOSE bit is 
clear. When a valid edge appears on the RA1/TOCKI 
pin, the TOCKIF bit (INTSTA<6>) is set. This interrupt 
can be disabled by clearing the TOCKIE control bit 
(INTSTA<2>). The TOCKI interrupt can wake up the 
processor from SLEEP. See Section 14.4 for details on 
SLEEP operation. 


5.8 Peripheral Interrupt 


The peripheral interrupt flag indicates that at least one 
of the peripheral interrupts occurred (PEIF is set). The 
PEIF bit is a read only bit, and is a bit wise OR of all the 
flag bits in the PIR register AND’ed with the corre- 
sponding enable bits in the PIE register. Some of the 
peripheral interrupts can wake the processor from 
SLEEP. See Section 14.4 for details on SLEEP opera- 
tion. 


INT PIN /TOCKI PIN INTERRUPT TIMING 


:Q1|Q2/Q3]04:a1/Q2/A3/A4:a1/a2/a3|a4:a1/a2|a3]04:A1|a2/a3|a4:A1|a2/a3|a4:a1|a2/a3/a4: 


OSC1 | 


osez\ fA NS NS Ng fF S 


RAO/INT or | 


RA1/TOCKI 


INTE or ' . 
a a a a eee 


CT ee ce ee, aaa 


po (Pe aro) —_ 


System Bus: 
Instruction Se Woe Te RETF (eaayinet VY +'7)X_) 
etched , ; 


instruction | 
executed {inst (PC) =X Dummy XX Dummy — Xf? XS CRETFIE. Dummy) 


i] ' ' t f | i] 1 
‘ 
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5.9 Context Saving During Interrupts Example 5-1 shows the saving and restoring of infor- 
mation for an interrupt service routine. The PUSH and 

During an interrupt, only the retumed PC value is saved POP routines could either be in each interrupt service 

on the stack. Typically, users may wish to save key reg- routine or could be subroutines that were called. 

isters during an interrupt; e.g. WREG, ALUSTA and the Depending on the application, other registers may also 

BSR registers. This requires implementation in soft- need to be saved, such as PCLATH. 

ware. 





EXAMPLE 5-1: SAVING STATUS AND WREG IN RAM 


; The addresses that are used to store the CPUSTA and WREG values 

; must be in the data memory address range of 18h - 1Fh. Up to 

; 8 locations can be saved and restored using 

; the MOVFP instruction. This instruction neither affects the status 
; bits, nor corrupts the WREG register. 


PUSH MOVFP WREG, TEMP_W ; Save WREG 

MOVFP ALUSTA, TEMP_STATUS ; Save ALUSTA 

MOVFP BSR, TEMP_BSR ; Save BSR 
ISR : ; This is the interrupt service routine 
POP MOVFP TEMP_W, WREG ; Restore WREG 

MOVF'P TEMP_STATUS, ALUSTA ; Restore ALUSTA 

MOVFP TEMP_BSR, BSR ; Restore BSR 

RETFIE ; Return from Interrupts enabled 
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Notes: 
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6.0 MEMORY ORGANIZATION 


There are two memory blocks in the PIC17C4X; pro- 
gram memory and data memory. Each block has its 
own bus, so that access to each block can occur during 
the same oscillator cycle. 


The data memory can further be broken down into Gen- 
eral Purpose RAM and the Special Function Registers 
(SFRs). The operation of the SFRs that control the 
“core” are described here. The SFRs used to control 
the peripheral modules are described in the section dis- 
cussing each individuai peripheral module. 


6.1 Program Memory Organization 


PIC17C4X devices have a 16-bit program counter 
capable of addressing a 64K x 16 program memory 
space. The reset vector is at 0000h and the interrupt 
vectors are at O0008h, 0010h, 0018h, and 0020h 
(Figure 6-1). 


FIGURE 6-1: 


PIC17C4X 


AND STACK 


PC<15:0> 
16 


CALL, RETURN 
RETFIE, RETLW 


Stack Level 1 





Stack Level 16 


Reset Vector 
egeltee Soe we ec ae Pe gee 


INT Pin Interrupt Vector 
ee eee 


TimerO Interrupt Vector 
BS oo eB 


TOCK] Pin Interrupt Vector 
Eels Lin cto es cn gene ome 


Peripheral Interrupt Vector 


PROGRAM MEMORY MAP 





6.1.14 PROGRAM MEMORY OPERATION (17042) 


The PIC17C4X can operate in one of four possible 
program memory configurations. The configuration is 


FFFh 
(17043) 


selected by two configuration bits. The possible modes 
are: 


e Microprocessor 
e Microcontroller 
e Extended Microcontroller 
e Protected Microcontroller 


‘The microcontroller and protected microcontroller 
modes only allow intemal execution. Any access 
beyond the program memory reads unknown data. 
The protected microcontroller mode also enables the 
code protection feature. 


The extended microcontroller mode accesses both the 
intemal program memory as well as external program 
memory. Execution automatically switches between 
intemal and external memory. The 16-bits of address 
allow a program memory range of 64K-words. 


The microprocessor mode only accesses the external 
program memory. The on-chip program memory is 
ignored. The 16-bits of address allow a program mem- 
ory range of 64K-words. Microprocessor mode is the 
default mode of an unprogrammed device. 


The different modes allow different access to the con- 


User Memory 
Space t 


Configuration Memory 
Space 


PM | 


Reserved 
PM2 t 
Test EPROM 


Boot ROM 


figuration bits, test memory, and boot ROM. Table 6-1 
lists which modes can access which areas in memory. 
Test Memory and Boot Memory are not required for 
normal operation of the device. Care should be taken to 
ensure that no unintended branches occur to these 
areas. 


User memory space may be internal, external, or 
both. The memory configuration depends on the 
processor mode. 


t This location is reserved for the PIC17C42. 
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TABLE 6-1: MODE MEMORY ACCESS The PIC17C4X can operate in modes where the pro- 
7 gram memory is off-chip. They are the microprocessor 


























Operat! Internal Configuration Bits, and extended microcontroller modes. The micropro- 
iret Program Test Memory, cessor mode is the default for an unprogrammed 
Memory Boot ROM device. | 








Regardless of the processor mode, data memory is 
always on-chip. 


Microprocessor No Access No Access 
Microcontroller Access Access 


Access No Access 
Access Access 






Extended 
Microcontroller 


Protected 
Microcontroller 





FIGURE 6-2: MEMORY MAP IN DIFFERENT MODES 


Microprocessor Extended Microcontroller 
Mode apa ia Modes 
e 


On-Chip 
EPROM 
Program 


_07FF | Memory 


External 
Program 
Memory 


| Config, Bits | 
Test EPROM 


OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP 


00 00 


FF FF 
OFF-CHIP OFF-CHIP ON-CHIP | OFF-CHIP ON-CHIP 


DATA SPACE - PROGRAM SPACE 


On-Chip 
EPROM 
Program 
OFFF/1FFF| Memory OFFF/1FFF 
1000/2000 
External 
Program 
Memory 
External 


Program 
Memory 


PROGRAM SPACE 


FE0O 
Test EPROM 
| Boot ROM | 


FFFF | & 


OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP 


120 120 


1FF 1FF 
OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP OFF-CHIP ON-CHIP 


DATA SPACE 
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6.1.2 EXTERNAL MEMORY INTERFACE 


When either microprocessor or extended microcontrol- 
ler mode is selected, PORTC, PORTD and PORTE 
are configured as the system bus. PORTC and 
PORTD are the multiplexed address/data bus and 
PORTE is for the control signals. External components 
are needed to demultiplex the address and data. This 
can be done as shown in Figure 6-4. The waveforms 
of address and data are shown in Figure 6-3. For com- 
plete timings, please refer to the electrical specification 
section. 


FIGURE 6-3: EXTERNAL PROGRAM 
MEMORY ACCESS 
WAVEFORMS 
. atl a2ia3/a4.arla2ia3s!aaiai | 
AD: . 
<15:0>, Address out Datain : Address out Data out 


Read cycle Write cycle 





As the speed of the processor increases, external 
EPROM memory with faster access time must be 
used. Table 6-2 lists extemal memory speed require- 
ments for a given PIC17C4X device frequency. 


In extended microcontroller mode, when the device is 
executing out of internal memory, the control signals 
will continue to be active. That is, they indicate the 
action that is occurring in the internal memory. The 
external memory access is ignored. 


TABLE 6-2: EPROM MEMORY ACCESS 
TIME ORDERING SUFFIX t 


PIC17C4X | Instruction 
Oscillator Cycle PIC17C43 
Frequency | Time (Tcy) | PIC17C42 | PIC17C44 





t This selection is for use with Microchip EPROMs. 
For interfacing to other manufacturers memory, 
please refer to the electrical specifications of the 
desired PIC17C4X device, as well as the desired 
memory device to ensure compatibility. 


FIGURE 6-4: TYPICAL EXTERNAL PROGRAM MEMORY CONNECTION DIAGRAM 


AD<7:0> § 


PIC17C4X 


AD<15:8> : 


ALE 


OE 
WR 


t Use of I/O pins is only required for paged memory. 
$ This signal is unused for ROM and EPROM devices. 
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6.2 Data Memory Organization 


Data memory is partitioned into two areas. The first is 
the General Purpose Registers (GPR) area, while the 
second is the Special Function Registers (SFR) area. 
The SFRs control the operation of the device. 


Portions of data memory are banked, this is for both 
areas. The GPR area is banked to allow greater than 
232 bytes of general purpose RAM. SFRs are for the 
registers that control the peripheral functions. Banking 
requires the use of control bits for bank selection. 
These control bits are located in the Bank Select Reg- 
ister (BSR). If an access is made to a location outside 
this banked region, the BSR bits are ignored. 
Figure 6-5 shows the data memory map organization 
for the PIC17C42 and Figure 6-6 for the PIC17C43 and 
PIC17C44 devices. 


Instructions MOVPF and MOVFP provide the means to 
move values from the peripheral area (“P”) to any loca- 
tion in the register file (“F’), and vice-versa. The defini- 
tion of the “P” range is from Oh to 1Fh, while the “F” 
range is Oh to FFh. The “P” range has 8 more locations 
than peripheral registers (6 locations for the PIC17C43 
and PIC17C44 devices)which can be used as General 
Purpose Registers. This can be useful in some applica- 
_ tions where variables need to be copied to other loca- 
tions in the general purpose RAM (such as saving 
status information during an interrupt). 


The entire data memory can be accessed either directly 
or indirectly through file select registers FSRO and 
FSR1 (see Section 6.4). Indirect addressing uses the 
appropriate control bits of the BSR for accesses into 
the banked areas of data memory. The BSR is 
explained in greater detail in Section 6.8. 


6.2.1. GENERAL PURPOSE REGISTER (GPR) | 


All devices have some amount of GPR area. The GPRs 
are 8-bits wide. When the GPR area is greater than 
232, it must be banked to allow access to the additional 
memory space. 


Only the PIC17C43 and PIC17C44 devices have 
banked memory in the GPR area. To facilitate switching 
between these banks, the MOVLR bank instruction has 
been added to the instruction set. GPRs are not initial- 
ized by a POR reset and are unchanged on all other 
resets. 


6.2.2 SPECIAL FUNCTION REGISTERS (SFR) 


The SFRs are used by the CPU and peripheral func- 
tions to control the operation of the device (see 
Figure 6-5 and Figure 6-6). These registers are static 
RAM. 


The SFRs can be classified into two sets, those associ- 
ated with the “core” function and those related to the 
peripheral functions. Those registers related to the 
“core” are described here, while those related to a 
peripheral feature are described in the section for each 
peripheral feature. 


The peripheral registers are in the banked portion of 
memory, while the core registers are in the unbanked 
region. To facilitate switching between the peripheral 
banks, the MOVLB bank instruction has been provided. 
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FIGURE 6-5: PIC17C42 REGISTER FILE 
MAP 


[Addr [Unbanked] | «dt 


FSRO 





y 
2) 
ns 


PCLATH 
ALUSTA 
TOSTA 
CPUSTA 
INTSTA 
INDF1 
FSR1 
WREG 
TMROL 
TMROH 
TBLPTRL 
TBLPTRH 


Banko |Bank1"| Bank2! | Bank3* 


PORTA 

DORE 

PORTB TMR3L 

RCSTA 

RCREG 
P 


TXSTA | PORTE |  PR2 | CA2H 
TXREG | PIR | PR3L/CAIL | TCON1 
SPBRG | PIE | PR3H/CA1H| TCON2 


General 


Purpose 
RAM 


Note 1: SFR file locations 10h - 17h are banked. All 
other SFRs ignore the Bank Select Register 
(BSR) bits. 


FIGURE 6-6: PIC17C43 AND PIC17C44 
REGISTER FILE MAP 


JAddr|Unbanked| | | 


PCL 
PCLATH 
ALUSTA 

TOSTA 
CPUSTA 
INTSTA 
INDF1 
FSR1 
WREG 
TMROL 
TMROH 
TBLPTRL 
TBLPTRH 
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Toxrea [Pin | PRAUCATL | TCONT | 
[seanG [PIE | PRSHICAtH | TCON2 | 











General 
Purpose 
RAM @ 










General 
Purpose 


RAM 2 


Note 1: SER file locations 10h - 17h are banked. All 
other SFRs ignore the Bank Select Register 
(BSR) bits. 

2: General Purpose Registers (GPR) locations 
20h - FFh and 120h - 1FFh are banked. All 
other GPRs ignore the Bank Select Register 
(BSR) bits. 
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TABLE 6-3: SPECIAL FUNCTION REGISTERS 

















Value on Value on all 
Power-On other 
Reset resets ? 













Unbanked . 


00h Uses contents of FSRO to address data memory (not a physical register) | a--- ---- | 

02h Low order 8-bits of PC 0000 0000 
03h Holding register for upper. 8-bits of PC | 2000 2000 uuuu uuuU 
O8h Uses contents of FSR1 to address data memory (not a physical register) | ~--- ---~ | 
09h Indirect data memory address pointer 1 uuuu uuuU 
OAh Working register uuuu uuuU 
}BSR Bank select register 0000 0000 


|TBLPTRH 
BSR 

1111 1111 
pRosta™ | SPEN | Rca@ | SREN [GREN | — | FEAR [ OERR [RODE | 0000 -oox| 0000 -00u 
16h Serial port transmit register uuuu uuuU 
17h Baud rate generator register uuuu uuuu 


Bank 1 


10h DDRC Data direction register for PORTC gs a es Pee Ue 
1th | PORTC RC7/ RC6/ RC5/ RC4/ RC3/ RC2/ RC1/ RCO/ =e 
AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO XXXX uuuu uuuu 
12h | DDRD Data direction register for PORTD is es ce bs 
13h | PORTD RD7/ RD6/ RD5/ RD4/ RD3/ RD2/ RD1/ RDO/ a5 eens asad eats 7 
AD15 | AD14 AD13 AD12 AD11 AD10 AD9 AD8 te 
14h | DDRE Data direction register for PORTE | 
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Legend: x= Unknown, u = Unchanged, - = Unimpiemented, reads as ‘0’, ? - Value depends on condition. 
Note 1: § The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<15:8> whose contents are updated 
from or transferred to the upper byte of the program counter. 
2: | The TO and PD status bits in CPUSTA are not affected by a MCLR reset. 
3: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 
4: The following values are for both TBLPTRL and TBLPTRH: 
PIC17C42 (Power-On Reset xxxx xxxx) and (Ail other resets uuuu uuuu) 
PIC17C43/PIC17C44 (Power-On Reset 0000 0000) and (All other resets 0000 0000) 
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TABLE 6-3: SPECIAL FUNCTION REGISTERS (CONT.) 















Value on Value on all 
Address | Name Bit 7 Power-On other 
Reset resets ° 





Bank 2 


12h Timer3 low byte 
Timer3 high byte 


Timer1 period register 


|PR2 | Timer2 period register XXXX XXxXxX | UUUU UUUU 


PR1 
16h PR3L/CA1L | Timer3 period register, low byte/capture1 register, low byte XXXX XXXX 


17h_ | PR3H/CA1H | Timer period register, high byte/capture1 register, high byte XXXX XXXX 
Bank 3 


UW 
ioh [POG [ber] be a 
3h DC9 DC8 DC7 DC2 | xxxx xxxx 
TMR2CS | TMRICS| 0000 0000] 0000 0000 


17h_ | TCON2 CA20VF| CA10VF} PWM20N PWMION| CA1/PR3| TMR3ON| TMR2ON | TMRION 


Unbanked 











XXXX XXXX uuUuU UUW 













XXXX XKXXX uuu UU 






XXXX XXXX uuu UU 





XXXX XXXX uuuu UU 





14h XXXX XXXX | UUUU UUUU 























; 
FOO 
Nn 
x 
? 


uuuu uuuUu 





uuuu uuuUu 


Ep 






0000 0000; 0000 0000 


nt 
$ |S 


















Legend: x= Unknown, u= Unchanged, - = Unimplemented, reads as ‘0’, ? - Value depends on condition. 

Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for PC<15:8> whose contents are updated 
from or transferred to the upper byte of the program counter. 

The TO and PD status bits in CPUSTA are not affected by a MCLR reset. 

Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 

These values are for the PIC17C43 and the PIC17C44 only. 


2ON 
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6.2.2.1 ALU STATUS REGISTER (ALUSTA) It is recommended, therefore, that only BCF, BSF, 

; | SWAPF and MOVWEF instructions be used to alter the sta- 
The ALUSTA register contains the status bits of the tus registers because these instructions do not affect 
Arithmetic and Logic Unit and the mode control bits for any status bit. To see how other instructions affect the 
the indirect addressing register. status bits, see the “Instruction Set Summary’. 


As with all the other registers, the ALUSTA register can 
be the destination for any instruction. If the ALUSTA 
register is the destination for an instruction that affects 
the Z, DC or C bits, then the write to these three bits is “ 

disabled. These bits are set or cleared according to the Arithmetic and Logic U Unit (ALU) is capable of carrying 





device logic. Therefore, the result of an instruction with out arithmetic or logical operations on two operands or 
the ALUSTA register as destination may be different © _-—«-@ single operand. All single operand instructions oper- 
than intended. ate either on the WREG register or a file register. For 


two operand instructions, one of the operands is the 
WREG register and the other one is either a file register 
or an 8-bit immediate constant. 


For example, CLRF ALUSTAwill clear the upper four 
bits and set the Z bit. This leaves the status register as 
0000u1uu (where u = unchanged). 


FIGURE 6-7: ALUSTA REGISTER (ADDRESS: 04H, UNBANKED) 


rss [se [ rst [so] ov [| z [po] c R = Readable bit 


W = Writable bit 
-n = Value at POR reset 
(x = unknown) 
FS3:FS2: FSR1 Mode Select bits 
00 = Post auto-decrement FSR1 value 
01 = Post auto-increment FSR1 value 
1x = FSR1 value does not change — 


FS1:FS0: FSRO Mode Select bits 

00 = Post auto-decrement FSRO value 
01 = Post auto-increment FSRO value 
1x = FSRO value does not change 


OV: Overflow bit 

This bit is used for signed arithmetic. It indicates an overflow of the 7-bit magnitude, which causes the 
sign bit (bit7) to change state. 

1 = Overflow occurred for signed arithmetic, (in this arithmetic operation) 

0 = No overflow occurred 


Z: Zero bit 
1 = The result of an arithmetic or logic operation is zero 
0 = The results of an arithmetic or logic operation is not zero 


DC: Digit carry/borrow bit 

For ADDWF and ADDLw instructions. 

1 =Acarry-out from the 4th low order bit of the result occurred 
0 = No carry-out from the 4th low order bit of the result 

Note: For borrow the polarity is reversed. 


C: carry/borrow bit 

For ADDWF and ADDLw instructions. 

1 = Acarry-out from the most significant bit of the result occurred 

Note that a subtraction is executed by adding the two’s complement of the second operand. For rotate 
(RRCF, RLCF) instructions, this bit is loaded with either the high or low order bit of the source register. 

0 = No carry-out from the most significant bit of the result 

Note: For borrow the polarity is reversed. 





IEP ESN AR SST IE RI TOES SE TI TE PP EG I I OT FI TE I EAE ET ONES GS TTL TEI IO I IT TET AGEL EE TI TES BT TI SITE A ENS TE ET EE ET TE PD TL EE ET 
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6.22.2 CPU STATUS REGISTER (CPUSTA) 


The CPUSTA register contains the status and control 
bits for the CPU. This register is used to globally 
enable/disable interrupts. If only a specific interrupt is 
desired to be enabled/disabled, please refer to the 
INTerrupt STAtus (INTSTA) register and the Peripheral 
Interrupt Enable (PIE) register. This register also indi- 
cates if the stack is available and contains the Power 
Down (PD) and Time-Out (TO) bits. The TO, PD, and 
STKAV bits are not writable. These bits are set or 
cleared according to device logic. Therefore, the result 
of an instruction with the CPUSTA register as destina- 
tion may be different than intended. 


FIGURE 6-8: CPUSTA REGISTER (ADDRESS: 06H, UNBANKED) 


U-0 U-0 R-1 R/W _- 1 R-1 R-1 U-0 U-0 
| — | — [stkav{auinto] TO | PD | — | — | |R=Readablebit 
bit7 bitO W = Writable bit 
U = Unimpiemented bit, 
Read as ‘0’ 
-n = Value at POR reset 


Unimplemented, reads as '0' 


STKAV: Stack Available bit 
This bit indicates that the 4-bit stack pointer value is Fh, or has rolled over from Fh-—> Oh (stack overflow). 
1 = Stack is available 
0 = Stack is full, or a stack-overflow may have occurred (Once this bit has been cleared by a 
stack overflow, only a device reset will set this bit) 


GLINTD: Global Interrupt Disable bit 

This bit disables all interrupts. When enabling interrupts, only the sources with their enable bits set can 
cause an interrupt. | 

1 = Disable all interrupts 

0 = Enables all un-masked interrupts 


bit3: | TO: WDT Time-Out status bit 
1 = After power-up or by a CLRWDT instruction 
0 = A Watchdog Timer time-out occurred 
bit2: | PD: Power Down status bit 
1 = After power-up or by the CLRWDT instruction 
0 = By execution of the SLEEP instruction 


Unimplemented, reads as '0' 
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6.2.23  TMRO STATUS/CONTROL REGISTER 
(TOSTA) 


This register contains various control bits. One bit is 
used to control the edge upon which a signal on the 
RAO/INT pin will set the INT interrupt flag. The other bits 
(shaded) configure the TimerO prescaler and clock 
source. These shaded bits are described in 
Figure 11-1. 


FIGURE 6-9: TOSTA REGISTER (ADDRESS: 05H, UNBANKED) 


R/W-0 R/W-0 RW-0 RW-0 RW-0 RW-0 R/W-O 
| INTEDG |. | | R = Readable bit 
: W = Writable bit 
U = Unimplemented, 
reads as ‘0’ 
-n = Value at POR reset 


INTEDG: INT Pin Interrupt Edge Select bit 

This bit selects the edge upon which the interrupt is detected. 
1 = Rising edge of RAO/INT pin generates interrupt 

0 = Falling edge of RAO/INT pin generates interrupt 


TOSE: TimerO Clock Input Edge Select bit 

This bit selects the edge upon which TMRO will increment. 

When TOCS = 0 

1 = Rising edge of RA1/TOCKI pin increments Timer0 and/or generates a TOCKIF interrupt 
0 = Falling edge of RA1/TOCKI pin increments Timer0 and/or generates a TOCKIF interrupt 
When TOCS = 1 | 

Don't care 


TOCS: TimerO Clock Source Select bit 
This bit selects the clock source for TMRO. 
1 = Internal instruction clock cycle (Tcy) 

0 = TOCKI pin 


PS3:PS0: TimerO Prescale Selection bits 
These bits select the prescale value for TMRO. 


PS3:PSO Prescale Value 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1xxx 


ok ok od ok 
SBS eRw5 


ak, oh 
hla: 
O1n 
oO) © 


bit 0: Unimplemented: reads as '0' 





RIE ENTE IP RIE A EE IE I STE IEE IEE ODES BRENT STE OSES SE OTTER AL SIS EAE ED TE TS ETE LI TR SEDER TE SE TLE EI TEESE EE CEG ETE ET ELE EIT EET IRE LE RETIN D ESE ET TEE ELTA 


DS30412A-page 2-860 © 1995 Microchip Technology Inc. 


PIC17C4X 





6.3 Stack Operation 


The PIC17C4X devices have a 16 x 16-bit wide hard- 
ware stack (see Figure 6-1). The stack is not part of 
either the program or data memory space, and the 
stack pointer is neither readable nor writable. The PC is 
“PUSHed” onto the stack when a CALL instruction is 
executed or an interrupt is acknowledged. The stack is 
“POPed?” in the event of a RETURN, RETLW, or a RET- 
FIE instruction execution. PCLATH is not affected by a 
“PUSH” or a “POP” operation. 


The stack operates as a circular buffer, with the stack 
pointer initialized to '0' after all resets. There is a stack 
available bit (STKAV) to allow software to ensure that 
the stack has not overflowed. The STKAV bit is set after 
a device reset. When the stack pointer equals Fh, 
STKAV is cleared. When the stack pointer rolls over 
from Fh to Oh, the STKAV bit will be held clear until a 
device reset. 





After the device is “PUSHed" sixteen times (without a 
“POP”), the seventeenth push overwrites the value 
from the first push. The eighteenth push overwrites the 
second push (and so on). 





6.4 — Indirect Addressing 


Indirect addressing is a mode of addressing data 
memory where the data memory address in the 
instruction is not fixed. That is, the register that is to be 
read or written can be modified by the program. This 
can be useful for data tables in the data memory. 
Figure 6-10 shows the operation of indirect address- 
ing. This shows the moving of the value to the data 
memory address specified by the value of the FSR 
register. 


Example 6-1 shows the use of indirect addressing to 
clear RAM in a minimum number of instructions. A sim- 
ilar concept could be used to move a defined number 
of bytes (block) of data to the SCI transmit register 
(TXREG). The starting address of the block of data to 
be transmitted could easily be modified by the pro- 
gram. 


FIGURE 6-10: INDIRECT ADDRESSING 


Instruction 
Executed 


INDFx 


Instruction 
Fetched 
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6.4.1. INDIRECT ADDRESSING REGISTERS 


The PIC17C4X has four registers { for indirect address- 
ing. These registers are: 


e INDFO and FSRO- 
e INDF1 and FSR1 


Registers INDFO and INDF1 are not physically imple- 
mented. Reading or writing to these registers activates 
indirect addressing, with the value in the correspond- 
ing FSR register being the address of the data. The 
FSR is an 8-bit register and allows addressing any- 
where in the 256-byte data memory address range. 
For banked memory, the bank of memory accessed is 
specified by the value in the BSR. 


If file INDFO (or INDF1) itself is read indirectly via an 
FSR, all ‘O's are read (Zero bit is set). Similarly, if 
INDFO (or INDF1) is written to indirectly, the operation 
will be eauveront to a NOP, and the status bits are not 
affected. | 


6.4.2 INDIRECT ADDRESSING OPERATION 


The indirect addressing capability has been enhanced 
over that of the PIC16CXX family. There are two con- 
trol bits associated with each FSR register. These two 
bits configure the FSR register to: 


e Auto-decrement the value (address) in the FSR 

after an indirect access 

Auto-increment the value (address) in the FSR 

after an indirect access 

e No change to the value (address) in the FSR after 
_ an indirect access 


These control bits are located in the ALUSTA register. 
The FSR1 register is controlled by the FS3:FS2 bits 
and FSRO is controlled by the FS1:FSO bits. 


When using the auto-increment or auto-decrement 
features, the effect on the FSR is not reflected in the 
ALUSTA register. For example, if the indirect address 
causes the FSR to equal ‘0'" the Z bit will not be set. 


If the FSR register contains a value of Oh, an indirect 
read will read Oh (Zero bit is set) while an indirect write 
will be equivalent to a NOP (status bits are not 
affected). 


Indirect addressing allows single cycle data transfers 
within the entire data space. This is possible with the 
use of the MOVPF and MOVF P instructions, where either 
‘p' or 'f' is specified as INDFO (or INDF1). 


If the source or destination of the indirect address is in 
banked memory, the location accessed will be deter- 
mined by the value in the BSR. 


A simple program to clear RAM from 20h - FFh is 
shown in Example 6-1. 


EXAMPLE 6-1: 


MOVLW 0x20 


INDIRECT ADDRESSING 


MOVWF FSRO ; FSRO = 20h 
BCF ALUSTA, FS1 ; Increment FSR 
BSF -ALUSTA, FSO ; after access 
BCF ALUSTA, C ; C = 0 
MOVLW END_RAM + 1 ; 
LP CLRF INDFO ; Addr(FSR) = 0 
CPFSEQ FSRO ; FSRO = END_RAM+1? 
GOTO LP ; NO, clear next 
83 ; YES, All RAM is . 
: ; cleared 
6.5 Table Pointer (TBLPTRL and 
TBLPTRH) 


File registers TBLPTRL and TBLPTRH form a 16-bit 
pointer to address the 64K program memory space. 


The table pointer is used by instructions TABLWT and 


TABLRD. 


The TABLRD and the TABLWT instructions allow trans- 
fer of data between program and data space. The table 
pointer serves as the 16-bit address of the data word 
within the program memory. For a more complete 
description of these registers and the operation of Table 


| Reads and Table Writes, see Section 7.0. 


66 T le Latch (TBLATH, TBLATL 


The table latch (TBLAT) is a 16-bit register, with 
TBLATH and TBLATL referring to the high and low 
bytes of the register. It is not mapped into data or pro- 
gram memory. The table latch is used as a temporary 


“holding latch during data transfer between program and 
data memory (see descriptions of instructions TABLRD, 
-TABLWT, TLRD and TLWT). For a more complete 


description of these registers and the operation of Table 
Reads and Table Writes, see Section 7.0. 


DS30412A-page 2-862 


© 1995 Microchip Technology Inc. 


PIC17C4X 





6.7 Program nter Modul 


The Program Counter (PC) is a 16-bit register. PCL, the 
low byte of the PC, is mapped in the data memory. PCL 
is readable and writable just as is any other register. 
PCH is the high byte of the PC and is not directly 
addressable. Since PCH is not mapped in data or pro- 
gram memory, an 8-bit register PCLATH (PC high latch) 
is used as a holding latch for the high byte of the PC. 
PCLATH is mapped into data memory. The user can 
read or write PCH through PCLATH. 


The 16-bit wide PC is incremented after each instruc- 
tion fetch during Q1 unless: 


¢ Modified by GoTO, CALL, LCALL, RETURN, RETLW, 
or RETFTE instruction 

¢ Modified by an interrupt response 

e Due to destination write to PCL by an instruction 


“Skips” are equivalent to a forced NOP cycle at the 
skipped address. 





The operations of the PC and PCLATH for different 
instructions are as follows: 
a) LCALL instruction: 
An 8-bit destination address is provided in the 
instruction (opcode). PCLATH is unchanged. 
PCLATH — PCH 
Opcode<7:0> — PCL 
b) CALL, GOTO instructions: 
A 13-bit destination address is provided in the 
instruction (opcode). 
Opcode<12:0> — PC <12:0> 
PC<15:13> — PCLATH<7:5> 
Opcode<12:8> — PCLATH <4:0> 
c) Read instructions on PCL: 
Any instruction that reads PCL. 
PCL — data bus — ALU or destination 
PCH — PCLATH 
d) Write instructi PCL: 
Any instruction that writes to PCL. 
8-bit data + data bus > PCL 
PCLATH + PCH 
e) Read-Modify-Write instructions on PCL: 


Any instruction that does a read-write-modify 

operation on PCL, such as ADDWF PCL. 

Read: PCL-— data bus — ALU 

Write: 8-bit result - data bus > PCL 

PCLATH — PCH 

f) RETURN instruction: 

PCH — PCLATH 
The read-modify-write only affects the PCL with the 
result. PCH is loaded with the value in the PCLATH. For 
example, ADDWF PCL will result in a jump within the 
current page. If PC = O38FOh, WREG = 30h and 
PCLATH = O3h before instruction, PC = 0320h after the 
instruction. To accomplish a true 16-bit computed jump, 
the user needs to compute the 16-bit destination 


address, write the high byte to PCLATH and then write 
the low value to PCL. 





The following PC related operations do not change 
PCLATH: 

a) LCALL, RETLW, and RETFTE instructions. 

b) Interrupt vector is forced onto the PC. 


c) Read-modify-write instructions on PCL (e.g. BSF 
PCL). 
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6.8 Bank Select Register (BSR) — For the PIC17C43 and PIC17C44 devices, the need for 
| a large general purpose memory space dictated a gen- 
The BSR is used to switch between banks in the data eral purpose RAM banking scheme. The upper nibble 
memory area (see Figure 6-11). In the PIC17C42, only of the BSR selects the currently active general purpose 
the lower nibble is implemented. While in the RAM bank. To assist this, a MOVLR bank instruction 
PIC17C43:and PIC17C44 devices, the entire byte is has been provided in the instruction set. 


implemented. The lower nibble is used to select the 
peripheral register bank. The upper nibble is used to 
select the general purpose memory bank. 


If the currently selected bank is not implemented (such 
as Bank 13), any read will read all ‘O's. Any write is com- 


| pleted to the bit bucket and the ALU status bits will be 
All the Special Function Registers (SFRs) are mapped set/cleared as appropriate. 


into the data memory space. In order to accommodate 
the large number of registers, a banking scheme has 
been used. A segment of the SFRs, from address 10h 
to address 17h, is banked. The lower nibble of the bank 
select register (BSR) selects the currently active 
“peripheral bank”. Effort has been made to group the 
peripheral registers of related functionality in one bank. 
However, it will still be necessary to switch from bank to 
bank in order to address all peripherals related to a sin- 
gle task. To assist this, @aMOVLB bank instruction is in 
the instruction set. 





FIGURE 6-11: BSR OPERATION (PIC17C 43/44) 
BSR 


Address ee eee See eee ee ee ene eee 


Range 









0 1 2 3 
10h SFR 
. eoe Banks 
17h oe 
Bank 0 Bank 1 Bank 2 Bank 3 Bank 4 
20h seers CER GPR 
| | | | ES ce eee ece Banks 
FFh co oo 
Bank 0 Bank 1 Bank 2 Bank 15 


t Only Banks 0 thru Bank 3 are implemented. Selection of an unimplemented bank is not recommended. Bank 15 is reserved 
for Microchip use, reading of registers in this bank may cause random values to be read. 


$ Only Banks 0 and Bank 1 are implemented. Selection of an unimplemented bank is not recommended. 
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7.0 TABLE READS AND TABLE 
WRITES 


The PIC17C4X has four instructions that allow the pro- 
cessor to move data from the data memory space to 
the program memory space, and vice versa. Since the 
program memory space is 16-bits wide and the data 
memory space is 8-bits wide, two operations are 
required to move 16-bit values to/from the data mem- 
ory. 

The TLWT t,f and TABLWT t,i,f instructions are 
used to write data from the data memory space to the 
program memory space. The TLRD t,f£ and TABLRD 
t, i, £ instructions are used to write data from the pro- 
gram memory space to the data memory space. 


The program memory can be internal or external. For 
the program memory access to be external, the device 
needs to be operating in extended microcontroller or 
microprocessor mode. 


Figure 7-1 through Figure 7-4 show the operation of 
these four instructions. 


FIGURE 7-1: TLWT INSTRUCTION 
OPERATION 


TABLE POINTER 


TBLPTRH | TBLPTRL 


TABLE LATCH (16-bit) 


TABLATH | TABLATL 


TLWT 1, TLWT O,f 


DATA 
MEMORY PROGRAM MEMORY 


1. 8-bit value, from register ‘f', loaded into the 
high or low byte in TABLAT (16-bit). 





FIGURE 7-2: TABLWT INSTRUCTION 
OPERATION 


TABLE POINTER 


TBLPTRH TBLPTRL 


TABLE LATCH (16-bit) 


TABLATH : TABLATL 


DATA 
MEMORY PROGRAM MEMORY 


aul 


(TBLPTR) 


@) 


1. 8-bit value, from register ‘f', loaded into the 
high or low byte in TABLAT (16-bit). 


2. 16-bit TABLAT value written to address 
Program Memory (TBLPTR). 


3. If “” = 1, then TBLPTR = TBLPTR + 1. 
If “ = 0, then TBLPTR is unchanged. 
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TLRD INSTRUCTION 
OPERATION 


TABLE POINTER 


TBLPTRH | TBLPTRL 
TABLE LATCH (16-bit) 
TABLATH TABLATL 








TABLRD INSTRUCTION 
OPERATION 


TABLE POINTER 
TBLPTRH «| TBLPTRL 


FIGURE 7-4: 





FIGURE 7-3: 





TABLE LATCH (16-bit) 
TABLATH | TABLATL 


TLRD 1,f 
DATA TABLRD 1,i,f TABLRD 0,i,f 
MEMORY _ PROGRAM MEMORY 
DATA 
MEMORY PROGRAM MEMORY 


el a em 
(TBLPTR) 


@) 


1. 8-bit value, from TABLAT (16-bit) high or low byte, 
loaded into register 'f'. | 
: 1. 8-bit value, from TABLAT (16-bit) high or low byte, 
loaded into register ‘f'. 


2. 16-bit value at Program Memo 
loaded into TABLAT register. 


“?’ = 1, then TBLPTR = TBLPTR + 1. 
i’ = 0, then TBLPTR is unchanged. 





ry (TBLPTR) 





| 
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7.1 Table Writes to Internal Memory 


A table write operation to internal memory causes a 
long write operation. The long write is necessary for 
programming the intemal EPROM. Instruction execu- 
tion is halted while in a long write cycle. The long write 
will be terminated by any enabled interrupt. To ensure 
that the EPROM location has been well programmed, 
a minimum programming time is required (see specifi- 
cation #D114 ). Having only one interrupt enabled to 
terminate the long write ensures that no unintentional 


The sequence of events for programming an internal 

program memory location should be: 

1. Disable all interrupt sources, except the source 
to terminate EPROM program write. 

2. Raise MCLR/Vpr pin to the programming volt- 
age. 

3. Clear the WDT. 


4. Do the table write. The interrupt will terminate 
the long write. 


5. Verify the memory location (table read). 





TABLE 7-1: 







Interrupt 



















INT, TMRO, 
| TOCKI 


Peripheral 








Enable Flag 





7.1.1. TERMINATING LONG WRITES 


An interrupt source or reset are the only events that 
terminate a long write operation. Terminating the long 
write from an interrupt source requires that the inter- 
rupt enable and flag bits are set. The GLINTD bit only 
enables the vectoring to the interrupt address. 


lf the TOCKI, INT, or TMRO interrupt source is used to 
terminate the long write; the interrupt flag, of the high- 
est priority enabled interrupt, will terminate the long 
write and automatically be cleared. 





if a peripheral interrupt source is used to terminate the 
long write, the interrupt enable and flag bits must be 
set. The interrupt flag will not be automatically cleared 
upon the vectoring to the interrupt vector address. 


lf the GLINTD bit is cleared prior to the long write, 
when the long write is terminated, the program will 
branch to the interrupt vector. 


If the GLINTD bit is set prior to the long write, when the 
long write is terminated, the program will not vector to 
the interrupt address. 


INTERRUPT - TABLE WRITE INTERACTION 








Tenninate table write, branch to interrupt vector 
(branch clears flag bit). 

None 

None 

Terminate table write, do not branch to interrupt 
vector (flag is automatically cleared). 





Terminate table write, branch to interrupt vector. 
None 
None 
Terminate table write, do not branch to interrupt 
vector (flag is set). 
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7.2 Table Writes to External Memory 7.2.2 . TABLE WRITE CODE 

Table writes to external memory are always two cycle The “i” operand of the TABLWT instruction can specify 
instructions. The second cycle writes the data to the that the value in the 16-bit TBLPTR register is auto- 
external memory location. The sequence of events for matically incremented for the next write. In 
an external memory write are the same as an internal Example 7-1, the TBLPTR register is not automatically 
write. | 7 : incremented. = —> = 


EXAMPLE 7-1: TABLE WRITE 
CLRWDT ‘':; Clear WDT 
MOVLW HIGH (TBL_ADDR) ; Load the Table 
MOVWF TBLPTRH : address 
MOVLW LOW (TBL_ADDR) : 
MOVWF TBLPTRL : 
MOVLW HIGH (DATA) ; Load HI byte 
TLWT 1, WREG : in TABLATCH 
MOVLW LOW (DATA) ; Load LO byte 
TABLWT 0,0,WREG ; in TABLATCH 
: and write to 
; program memory 
; (Ext. SRAM) 





FIGURE 7-5: TABLWT WRITE TIMING (EXTERNAL MEMORY) 


| 1] a2 a3 a4 a1]a2|as |ae: a1] a2 |a3 | a4; a1] a2 |as |e 


was eX 6X} EK 


4 
1 
{ 
t 
i 
i] 
1 
1 
! 
i] 
i 
t 
‘ 
4 
1 


Instruction 
fetched 


TABLWT NOP 1 NOP2 


Instruction 
executed 


Data write cycle 


INST (PC-1) | TABLWTcycle1 , TABLWTcycle2 . 


Poe Oe a 
OS eg eee 


‘4' 
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FIGURE 7-6: CONSECUTIVE TABLWT WRITE TIMING (EXTERNAL MEMORY) 


! ay on] a Qa! ay or] a a4! ay 02] as a4! ay) ap] a3 Qs! ar] ar] ax] Q4' ar a ag Q4' 


{ i ' 1 ‘ 
{ 4 i ' 1 
©} HED E) OEe 


AD<15:0> 


Instruction 


TABLWT2 NOP1 NOP2 


Instruction 
executed 


TABLWT1 cycle2, TABLWT2 cycle1, TABLWT2 cycle2, 


fetched} TABLWT1 


INST (PC-1) | TABLWT1 cyclet NOP1 
‘ Data write cycle | Data write cycle ; 


an ss ) 
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of TABLATCH 
Read LO byte 

of TABLATCH and 

Update TABLATCH 


loaded with the 16-bit data from program memory 
address TBLPTR + 1. The first read loads the data into 
the latch, and can be considered a dummy read 
(unknown data loaded into ‘f'). INDFO should be con- 
figured for either auto-increment or auto-decrement. 


TABLRD 0,1,INDFO 


7.3 Table Reads | EXAMPLE 7-2:. TABLE READ 
MOVLW HIGH (TBL_ADDR) ; Load the Table 
The table read allows the program memory to be read. MOVWF TBLPTRH ; address 
This allows constant data to be stored in the program MOVLW LOW (TBL_ADDR) ; 
memory space, and retrieved into data memory when MOVWF TBLPTRL ; 
needed. Example 7-2 reads the 16-bit value at pro- TABLRD 0,0,DUMMY ; Dummy read, 
gram memory address TBLPTR. After the dummy byte ; Updates TABLATCH 
has been read from the TABLATH, the TABLATH is ce tg AED py Beas EE eee 


FIGURE 7-7: TABLRD TIMING 





a1] a2| aa} Q4) a] a2 | as] a4; ar a2] as| Q4 | a1] 22] as] Q4) 


AD<15:0> 


Instruction TABLRD 


fetched aes 


executed 


Instruction INST (PC-1) | TABLRDcycle1 : TABLRDcycle2 | 
; : Data read cycle 


ee Neg a gee ee 


t 

' 

t 
i re nr rete tee AeA ner! 

t 

' 

t 


FIGURE 7-8: TABLRD TIMING (CONSECUTIVE TABLRD INSTRUCTIONS) 


! ay 02 a3 Qa! ay a2| ar] Qa a az] a Q4' a a2] a3 Qa a on] ag Qa! ay on] a3 Q4' 


Instruction 


fetched 


AD<15:0> 


TABLRD1 TABLRD2~ ss. NOP1 NOP2 


instruction 


executed vee 


TABLRD1 cycle1, TABLRD1 cycle2, TABLRD2 cycle1; TABLRD2 cycle2, NOP1 


, Data read cycle | , Data read cycle ; 
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8.0 HARDWARE MULTIPLIER 


The PIC17C43 and PIC17C44 devices have an 8 x 8 
hardware multiplier included in the ALU of the device. 
By making the multiply a hardware operation, it com- 
pletes in a single instruction cycle. This is an unsigned 
multiply that gives a 16-bit result. The result is stored 
into the 16-bit PRODuct register (PRODH:PRODL). 
The multiplier does not affect any flags in the ALUSTA 
register. 


Making the 8 x 8 multiplier execute in a single cycle 
gives the foliowing advantages: 


e Higher computational throughput 
e Reduces code size requirements for multiply algo- 
rithms 


The performance increase allows the PIC17C43 and 
PIC17C44 devices to be used in applications previ- 
ously reserved for Digital Signal Processors. 


Example 8-1 shows the sequence to do an 8 x 8 
unsigned multiply. Only one instruction is required 
when one argument of the multiply is already loaded in 
the WREG register. 


Example 8-2 shows the sequence to do an 8 x 8 signed 
multiply. To account for the sign bits of the arguments, 
each argument’s most significant bit (MSb) is tested 
and the appropriate subtractions are done. 


EXAMPLE 8-1: 8X8 MULTIPLY ROUTINE 
MOVFP ARG1, WREG 
MULWF ARG2 ; ARG1 * ARG2 -> 
;  PRODH: PRODL 


EXAMPLE 8-2: 8 X 8 SIGNED MULTIPLY 
ROUTINE 

MOVFP ARG1, WREG 
MULWF ARG2 ; ARG1 * ARG2 -> 

: PRODH: PRODL 

BTFSC ARG2, SB ; Test Sign Bit 
SUBWF PRODH, F ; PRODH = PRODH 
- ARGI1 

MOVFP ARG2, WREG 

BTFSC ARG1, SB ; Test Sign Bit 
SUBWF PRODH, F ; PRODH = PRODH 
; - ARG2 


Example 8-3 shows the sequence to do a 16 x 16 
unsigned multiply. Equation 8-1 shows the algorithm 
that is used. The 32-bit result is stored in 4 registers 
RES3:RESO. 


EQUATION 8-1: 16X16 UNSIGNED 


MULTIPLICATION 
ALGORITHM 


ARG1H:ARGIL * ARG2H:ARG2L 
= (ARGIH*ARG2H * 21) 4 
(ARG1H *ARG2L* 2°) + 
(ARGIL* ARG2H * 28) + 
(ARG1L* ARG2L) 


RES3:RESO 


EXAMPLE 8-3: 16 X 16 MULTIPLY ROUTINE 
MOVFP § ARG1L, WREG 
MULWF  § ARG2L ; ARGIL * ARG2L -> 
;  PRODH: PRODL 
MOVPF § PRODH, RES1 ; 
MOVPF -=§ PRODL, RESO ; 


MOVFP ARG1H, WREG 

MULWF ARG2H ; ARG1H * ARG2H -> 
; PRODH: PRODL 

MOVPF PRODH, RES3 ; 


MOVPF PRODL, RES2 ; 


MOVFP ARG1L, WREG 
MULWF ARG2H ; ARGIL * ARG2H -> 
: PRODH : PRODL 
MOVFP PRODL, WREG ; 

ADDWF RES1, F ; Add cross 
MOVFP PRODH, WREG ; products 
ADDWFC RES2, F : 
CLREF WREG, F : 
ADDWFC RES3, F 


MOVF'P ARG1H, WREG ; 
MULWF ARG2L ; ARG1H * ARG2L -> 
; PRODH: PRODL 


MOVFP PRODL, WREG ; 

ADDWF RES1, F ; Add cross 
MOVFP PRODH, WREG ; products 
ADDWFC RES2, F : 

CLRF WREG, F : 
ADDWFC RES3, F ; 
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Example 8-4 shows the sequence to do an 16 x 16 EXAMPLE 8-4: 16 X16 SIGNED MULTIPLY 
signed multiply. Equation 8-2 shows the algorithm that ROUTINE 
used. The 32-bit result is stored in 4 registers MOVFP ARGIL, WREG 
RES3:RESO. To account for the sign bits of the argu- , MULWF ARG2L ; ARGIL * ARG2L -> 
ments, each argument pairs most significant bit (MSb) | 3 PRODH: PRODL 
__ is tested and the appropriate subtractions are done. MOVPF PRODH, RES1 ; 
MOVPF PRODL, RESO ; 


EQUATION 8-2: 16X16SIGNED 


MOVFP ARG1H, WREG 


jen MULWF  ARG2H ; ARGIH * ARG2H -> 
;  PRODH: PRODL 
RES3:RESO | | MOVPF PRODH, RES3 ; 
é , MOVPF PRODL, RES2 ; 
= ARG1H:ARG1IL * ARG2H:ARG2L : 
= (ARG1H * ARG2H * 2'5) + ee eee 
MULWF ARG2H ; ARGIL * ARG2H -> 
(ARG1H * ARG2L * 2°) + ;  PRODH: PRODL 
(ARGIL* ARG2H * 2°) _ = ee ae Oe Add cross 
(ARGIL * ARG2L) + MOVFP PRODH, WREG ; products 
(-1 * ARG2H<7> * ARG1H:ARGIL * 2") + pees “Reet e 
CLRF WREG, F : 
(-1 * ARG1H<7> * ARG2H:ARGA2L * 2") ADDWFC  RES3, F , 


MOVFP . ARG1H, WREG ; 
MULWF ARG2L ; ARG1H * ARG2L -> 
, PRODH: PRODL 


MOVFP PRODL, WREG 
ADDWF RES1, F 
MOVFP PRODH, WREG 
ADDWFC RES2, F 
CLRF WREG, F 
ADDWFC RES3, F 


Add cross 
products 


=e =e =e 06 ee =e 


BTFSS ARG2H, 7 ; ARG2H:ARG2L neg? 
GOTO SIGN_ARG1 ; no, check ARG1 
MOVFP ARG1L, WREG ; 

SUBWF RES2 : 

MOVFP ARG1H, WREG ; 

SUBWFB RES3 


SIGN_ARG1 


BTFSS ARG1H, 7 ; ARG1H:ARGIL neg? 
GOTO CONT_CODE > no, done 

MOVFP ARG2L, WREG ; 

SUBWF RES2 F 


MOVFP _ ARG2H, WREG ; 
SUBWFB RES3 


e 
, 


CONT_CODE 
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TABLE 8-1: | PERFORMANCE COMPARISON 






Program Memory 


Time 
Cycles (Max) (@ oe MHz) 































8 x 8 unsigned a a ee 
nll weagai7vcaa | tT Os 
17642 ee eee SE ee ee oe 

17C43 & 17044 HS ___| __6 | __9eons_ 

16x 16unsigned | 1742 ee ee 
17e43&i7044 | | Rs 

1742 a ee ee ee 
1704317044 | 868 
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9.0 W/OPORTS 


The PIC17C4X devices have five 1/O ports, PORTA 
through PORTE. PORTB through PORTE have a cor- 
responding Data Direction Register (DDR), which is 
used to configure the port pins as inputs or outputs. 
These five ports are made up of 33 I/O pins. Some of 
these ports pins are multiplexed with alternate func- 
tions. 


PORTC, PORTD and PORTE are multiplexed with the 
system bus. These pins are configured as the system 
bus when the device’s fuses are seiected to Micropro- 
cessor or Extended Microcontroller modes. In the two 
other microcontroller modes, these pins are general 
purpose |/O. 


PORTAand PORTEB are multiplexed with the peripheral 
features of the device. These peripheral features are: 


e Timer modules 

e¢ Capture module 

¢ PWM module 

e¢ SCI module (USART) 
e Extemal Interrupt pin 


When some of these peripheral modules are turned on, 
the port pin will automatically configure to the alternate 
function. The modules that do this are: 


e PWM module 
e SCI module 


When a pin is automatically configured as an output by 
a peripheral module, its data direction bit may be left in 
an unknown state. After disabling the peripheral mod- 
ule, the user should re-initialize the DDR bit to the 
desired configuration. 


The other peripheral modules (which require an input) 
must have their data direction bit configured appropri- 
ately. 








9.1 PORTA Register 

PORTA is a 6-bit wide latch. PORTA does not have a 
corresponding Data Direction Register (DDR). 
Reading PORTA reads the status of the pins. 


The RA1 pin is multiplexed with TMRO clock input, and 
RA4 and RAS5 are multiplexed with the SCI functions. 
The control of RA4 and RAS as outputs is automatically 
configured by the SCI module. 


9.1.1 USING RA2, RA3 AS OUTPUTS 


The RA2 and RAS pins are open collector outputs. To 
use the RA2 or the RA3 pin(s) as output(s), simply write 
to the PORTA register the desired value. A'0' will cause 
the pin to drive low, while a '1' will cause the pin to float 
(hi-impedance). An external pull-up resistor should be 
used to pull the pin high. Writes to PORTA will not affect 
the other pins. 





FIGURE 9-1: RAO AND RA1 BLOCK 
DIAGRAM 


BUS 


RD_PORTA 
(Q2) 


Note: I/O pins have protection diodes to Vop and Vss. 


Se NES RC AS EE ES ASSO I SF HSE ONL DP I PTR A IE SI TIES 2ST I SESE EE EE A SCE SMP RED IE SET OR ITI TE EE TS TS STN ETT 
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FIGURE 9-2: RA2 AND RA3 BLOCK FIGURE 9-3: RA4 AND RA5 BLOCK 
_DIAGRAM | DIAGRAM 


Data Bus 


i . _ es _ | Serial port input signal 


RD_PORTA 


Q (Q2) 


RD_PORTA 
(Q2) 


fe) , | 
TUCK C WA PORTA - Serial port output signals 
(Q4) 


Note: I/O pins have protection diodes to Vss. OE = SPEN,SYNC,TXEN, CREN, SREN for RA4 
OE = SPEN (SYNC+SYNC,CSRC) for RA5 


Note: I/O pins have protection diodes to Vpp and Vss. 





TABLE 9-1: PORTA FUNCTIONS 


RAO/INT T pto | 3st. Input or extemal interrupt input. 

RA1/TOCKI | biti | ST | Input or clock input to the TMRO timer/counter. 
A2 Input/Output. Output is open collector type. 

RA3 Input/Output. Output is open collector type. 


ST 
ST 
RA4/RX/DT | bia | ST | Input or SCI Asynchronous Receive or SCI Synchronous Data. 
Leta etal 

































ox 











RA5/TX/CK bit5 Input or SCI Asynchronous Transmit or SCI Synchronous Clock. 


bit7 Control bit for PORTB weak pull-ups. 
Legend: TTL = TTL input, ST = Schmitt Trigger input. 


TABLE 9-2: REGISTERS/BITS ASSOCIATED WITH PORTA 


Value on Value on all 
Address Name Bit 7 Power-On other resets 
Reset (Note1) 


10h, Banko | PORTA RA4 RA1/TOCKI | RAO/INT 


iat 





















































05h Unbanked TOSTA INTEDG PARERDOGES PRRODO LEY CRN EOIOOE GOD OOS EOD IONO 30 


TxsTa[_ CSRO_| ¥xe@ | TXEN | SYNC | [0000 --1x | 0000 --1u | 
Legend: x= unknown, u = unchanged, - = unimplemented, reads as ‘0’. 


Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 
2: Shaded cells are not used by PORTA. 
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9.2 PORTB and DDRB Registers 


PORTB is an 8-bit wide bi-directional port. The corre- 
sponding data direction register is DDRB. A'1' in DDRB 
configures the corresponding port pin as an input. A '0' 
in the DDRB register configures the corresponding port 
pin as an output. Reading PORTB reads the status of 
the pins, whereas writing to it will write to the port latch. 


Each of the PORTB pins has a weak internal pull-up. A 
single control bit can tum on all the pull-ups. This is 
done by clearing the RBPU (PORTA<7>) bit. The weak 
pull-up is automatically tumed off when the port pin is 
configured as an output. The pull-ups are enabled on 
any reset. 


PORTB also has an interrupt on change feature. Only 
pins configured as inputs can cause this interrupt to 
occur (i.e. any RB<7:0> pin configured as an output is 
excluded from the interrupt on change comparison). 
The input pins (of RB<7:0>) are compared with the 
value in the PORTB data latch. The “mismatch” outputs 
of RB<7:0> are OR’ed together to generate the RBIF 
interrupt (flag latched in PIR<7>). 


FIGURE 9-4: 


Port 
Input Latch 


Port 
Data 


Note: I/O pins have protection diodes to VoD and Vss. 





ie 


This interrupt can wake the device from SLEEP. The 
user, in the interrupt service routine, can clear the inter- 
rupt in one of two ways: 


a) Disable the interrupt by clearing the RBIE 
(PIE<7>) bit. 


b) Read-Write PORTB (MOVPF PORTB, PORTB). 
This will end mismatch condition. Then, clear the 
RBIF bit. 


A mismatch condition will continue to set the RBIF bit. 
Reading then writing PORTB will end the mismatch 
condition, and allow the RBIF bit to be cleared. 


This interrupt on mismatch feature, together with soft- 
ware configurable pull-ups on this port, allows easy 
interface to a key pad and make it possible for wake-up 
on key-depression. (See AN552 in the Embedded Con- 
trol Handbook). 


The interrupt on change feature is recommended for 
wake-up on operations where PORTB is only used for 
the interrupt on change feature and key depression 
operation. 


BLOCK DIAGRAM OF RB<7:4> AND RB<1:0> PORT PINS 


Peripheral Data in 


RBPU (PORTA<7>) 


Match Signal 
from other, 


ith port pins 


Data Bus 
RD_DDRB (Q2) 
= aes RD_PORTB (02 


WR_DDRB (Q4) 


WR_PORTB (Q4) 
CK 
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FIGURE 9-5: BLOCK DIAGRAM OF RB<3:2> PORT PINS 








Peripheral Data in 


ABPU (PORTA<7>) 


Match Sigrial 
from other, 


> port pins 


Port 
ie Latch 


Data Bus 

RD_DDRB (Q2) 

ees RD_PORTS (22) 
ane 

WR_DDRB (Q4) 


C=ar Ack <| : 
R 
WR_PORTB (Q4) 


PWM_output 
PWM_select 


Note: I/O pins have protection diodes to VoD and Vss. 
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Example 9-1 shows the instruction sequence to initial- EXAMPLE 9-1: INITIALIZING PORTB 
ize PORTB. The Bank Select Register (BSR) must be MOVLB 0 + Select Bank 0 


selected to Bank 0 for the port to be initialized. Heo teeeis ,Initialize PORTB by clearing 


; output data latches 
MOVLW OxCF ;Value used to initialize 
;data direction 
MOVWF DDRB ;Set RB<3:0> as inputs 
: RB<5:4> as outputs 


; RB<7:6> as inputs 


TABLE 9-3: PORTB FUNCTIONS 


|__Name | Bit | Butfertype | Function S| 
up and interrupt on change features. 
up and interrupt on change features. 
pull-up and interrupt on change features. 
pull-up and interrupt on change features. 
grammable weak pull-up and interrupt on change features. 
| 

























RB5/TCLK3 bit5 Input/Output or the external clock input to. Timer3. Software programmable 
weak pull-up and interrupt on change features. 
Input/Output pin. Software programmable weak pull-up and interrupt on 


i Tal 
change features. 
B7 Input/Output pin. Software programmable weak pull-up and interrupt on 
change features. 


Legend: TTL= TTL input, ST = Schmitt Trigger input. 







R 





TABLE 9-4: REGISTERS/BITS ASSOCIATED WITH PORTB 















Value on —_ all 
Address Name Bit 7 Bit 0 Power-On 
Reset resets 
(Note1) 





12h,BankO | PORTB | PORTB data latch 
1th, Banko | DDRB Data direction register for PORTB 


10h, BankO | PORTA 


06h, Unbanked| CPUSTA 
07h, Unbanked| INTSTA PEIF 
16h,Bank1 | PIR = | RBIF | 














% 
te 
re 
bd 
Fe 
a“ 
= 
E 
c 
E : 
~ 
e 


1111. Liit} Lilt Tiit 
















O-xx xxxx] 0 


| PEIE ESrOCRIE : ; =| INTE | 0000 0000] 0000 0000 

0000 0010] 0000 0010 
17h, Bank 1 | RBIE | 0000 0000] 0000 0000 
16h, Bank3 | TCON1 | D4 SS 0000 0000| 0000 0000 
17h, Bank 3 | 0000 0000 


Legend: x = unknown, u = unchanged, - = unimplemented, reads as '0'. 
Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 
2: Shaded cells are not used by PORTB. 
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fe 
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9.3 PORTC and DDRC Registers Example 9-2 shows the instruction sequence to initial- 
| . ize PORTC. The Bank Select Register (BSR) must be 

PORTC is an 8-bit bi-directional port. The correspond- selected to Bank 1 for the port to be initialized. 

ing data direction register is DDRC. A'1' in DDRC con- 

figures the corresponding port pin as an input. A ‘O' in EXAMPLE 9-2: INITIALIZING PORTC 


the DDRC register configures the corresponding port 
pin as an output. Reading PORTC reads the status of 
the pins, whereas writing to it will write to the port latch. 
PORTC is multiplexed with the system bus. When 
operating as the system bus, PORTC is the low order 


MOVLB 1 ; Select Bank 1 

CLRF  PORTC ; Initialize PORTC data 
: latches before setting 
; the data direction 


sus ; register 

byte of the address/data bus (AD<7:0>). The timing for MOVLW OxCF ; Value used to initialize 
the system bus is shown in the Electrical Characteris- - data direction 

tics section. MOVWF DDRC ; Set RC<3:0> as inputs 


; RC<5:4> as outputs 
: RC<7:6> as inputs 





FIGURE 9-6: — BLOCK DIAGRAM OF RC<7:0> PORT PINS 





> to D_Bus + IR 
INSTRUCTION READ 


Data Bus 


WR_PORTC 


RD_DDRC 


WR_DDRC 


EX_EN 
DATA/ADDR_OUT SYS BUS 
DRV SYS Control 


Note: I/O pins have protection diodes to VDD and Vss. 
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TABLE 9-5: PORTC FUNCTIONS 


Input/Output or system bus address/data pin. 
Input/Output or system bus address/data pin. 
Input/Output or system bus address/data pin. 


Input/Output or system bus address/data pin. 
Input/Output or system bus address/data pin. 
RC5/AD5 TTL Input/Output or system bus address/data pin. 
RC6/AD6 ité | | Input/Output or system bus address/data pin. 


RC7/AD7 52 Input/Output or system bus address/data pin. 


Legend: TTL= TTL input. 











TABLE 9-6: REGISTERS/BITS ASSOCIATED WITH PORTC 


Value on Value on all 
Address Name Bit 7 Bit 4 Bit 3 Power-On other resets 
Resend ee dad a 
RC7/ . RCE | . ROS) | . RCa/ Rca | RCo RCW | RCo | 


— Bank 1 | DDRC Data direction register for PORTC 


Legend: x= unknown, u = unchanged. 
Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 
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9.4 PORTD and DDRD Registers 


PORTD is an 8-bit bi-directional port. The correspond- 
ing data direction register is DDRD. A‘'1' in DDRD con- 
figures the corresponding port pin as an input. A ‘0’ in 
the DDRC register configures the corresponding port 
pin as an output. Reading PORTD reads the status of 
the pins, whereas writing to it will write to the port latch. 
PORTD is multiplexed with the system bus. When 
Operating as the system bus, PORTD is the high order 
byte of the address/data bus (AD<15:8>). The timing 
for the system bus is shown in the Electrical Character- 
istics section. 





FIGURE 9-7: 


Note: i/O pins have protection diodes to VDD and Vss. 
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Example 9-3 shows the instruction sequence to initial- 
ize PORTD. The Bank Select Register (BSR) must be 
selected to Bank 1 for the port to be initialized. 


EXAMPLE 9-3: INITIALIZING PORTD 

MOVLB 1 ; Select Bank 1 

CLRF PORTD ; Initialize PORTD data 

; latches before setting 

: the data direction 
; register 

MOVLW OxCF Value used to initialize 

: data direction 

; Set RD<3:0> as inputs 

; RD<5:4> as outputs 

: RD<7:6> as inputs 


MOVWF DDRD 


PORTD BLOCK DIAGRAM (IN I/O PORT MODE) 


to D_Bus + 1R 
INSTRUCTION READ 


an 


Data Bus 


RD_PORTD 


WR_PORTD 


i Q D i RD_DDRD 


WR_DDRD 


EX_EN 
DATA/ADDR_OUT SYS BUS 
DRV_SYS Control 
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TABLE 9-7: PORTD FUNCTIONS 


| Name | Bit | _Butfertype Function 
RDO/AD8 | pito | 2 TTL Input/Output or system bus address/data pin. 


TT 

RD1/AD9 bit1 Input/Output or system bus address/data pin. 

RD2/AD10 Input/Output or system bus address/data pin. 

RD3/AD11 Input/Output or system bus address/data pin. 
T 


L 
L 
L 
L 
RD4/AD12 L Input/Output or system bus address/data pin. 
L 
L 


T 
T 

RD5/AD13 Input/Output or system bus address/data pin. 
T 












































RD6/AD14 bit6 TTL Input/Output or system bus address/data pin. 


RDZ/AD15 


Legend: TTL= TTL input. 





Input/Output or system bus address/data pin. 





TABLE 9-8: REGISTERS/BITS ASSOCIATED WITH PORTD 


Value on Value on all 
Address Name Bit 7 Power-On other resets 
Reset (Note1) 


RD7/ RD6&/ RDS5/ RD4/ RD3/ RD2/ RD1/ RDO/ 
12h, Bank 1} DDRD Data direction register for PORTD 1111 1111 


Legend: x= unknown, u = unchanged. 
Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 
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9.4.1. PORTE AND DDRE REGISTER 


PORTE is a 3-bit bi-directional port. The corresponding 
data direction register is DDRE. A'1' in DDRE config- 
ures the corresponding port pin as an input. A'‘0' in the 
DDRE register configures the corresponding port pin as 
an output. Reading PORTE reads the status of the pins, 
whereas writing to it will write to the port latch. PORTE 
is multiplexed with the system bus. When operating as 
the system bus, PORTE contains the control signals for 
the address/data bus (AD<15:0>). These control sig- 
nals are Address Latch Enable (ALE), Output Enable 
(OE), and Write (WR). The control signals OE and WR 
are active low signals. The timing for the system bus is 
shown in the Electrical Characteristics section. 





Example 9-4 shows the instruction sequence to initial- 
ize PORTE. The Bank Select Register (BSR) must be 
selected to Bank 1 for the port to be initialized. | 


EXAMPLE 9-4: INITIALIZING PORTE 


MOVLB 1 Select Bank 1 


‘CLRF PORTE :; Initialize PORTE data 


; latches before setting 
; the data direction 
; ‘register 
MOVLW 0x03 Value used to initialize 
_f data direction 
MOVWF DDRE ; Set RE<1:0> as inputs 
RE<2> as outputs 
; RE<7:3> are always 


read as ‘0' 


FIGURE 9-8: PORTE BLOCK DIAGRAM (IN I/O PORT MODE) 


Note: I/O pins have protection diodes to VDD and Vss. 


Data Bus 


RD_PORTE 


WR_PORTE 


RD_DDRE 


WR_DDRE 


EX_EN 


CNTL { syspus 
DRV_SYS Control 
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TABLE 9-9: PORTE FUNCTIONS 


| Bit | Buffer Type 
REO/ALE | pito | TL | Input/Output or system bus Address Latch Enable (ALE) control pin. 


RE1/OE Input/Output or system bus Output Enable (OE) control pin. 


itt 
RE Input/Output or system bus Write (WR) control pin. 


Legend: TTL= TTL input. 














tt 


TABLE 9-10: REGISTERS/BITS ASSOCIATED WITH PORTE 


Value on 
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Power-On other resets 
Reset 


(Note1) 
| 14h, Bank 1] DDRE —_| Data direction register for PORTE 


Legend: x = unknown, u = unchanged, -= unimplemented, reads as 'O’. 


Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 
2: Shaded cells are not used by PORTE. 





Value on all 
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9.5 V/O Programming Considerations EXAMPLE 9-5: READ MODIFY WRITE 
INSTRUCTIONS ON AN 
9.5.1 BI- DIRECTIONAL /O PORTS . VO PORT 


Initial PORT settings: PORTB<7:4> Inputs 
PORTB<3:0> Outputs 

PORTB<7:6> have pull-ups and are 

not connected to other circuitry 


Any instruction which writes, operates internally as a 
read followed by a write operation. For example, the 
BCF and BSF instructions read the register into the - 
CPU, execute the bit operation, and write the result 
back to the register. Caution must be used when these 
instructions are applied to a port with both inputs and 
outputs defined. For example, a BSF operation on bit5 , 
of PORTB will cause all eight bits of PORTB to be read BCF  PORTB, 7 Olpp pppp 1ipp pppp 


PORT latch PORT pins 


“we “se “=e “es “Se “se “ses we 


into the CPU. Then the BSF operation takes place on BCF PORTB, 6 | l0pp pppp i1ipp pppp 
bitS and PORTB is written to the output latches. If ; 

another bit of PORTB is used as a bi-directional I/O pin BCE PORE yd 7 10pp Pppp 1ipp PPPP 
(e.g., bitO) and it is defined as an input at this time, the Ber “RPRR Ae 10pp pppp 10pp PPPP 


input signal present on the pin itself would be read into 
the CPU and re-written to the data latch of this particu- 
lar pin, overwriting the previous content. As long as the 
pin stays in the input mode, no problem occurs. How- 
ever, if bitO is switched into output mode later on, the 
content of the data latch may now be unknown. 


Note that the user may have expected the 
pin values to be O00pp pppp. The 2nd BCF 
caused RB7 to be latched as the pin value 
(High). 


“se Ss “eo ‘Ne Ofte 


Reading a port reads the values of the port pins. Writing 
to the port register writes the value to the port latch. 
When using read-modify-write instructions (BCF, BSF, 
BTG, etc.) on a port, the value of the port pins is read, 
the desired operation is performed with this value, and 
the value is then written to the port latch. 


Example 9-5 shows the effect of two sequential The actual write to an I/O port happens at the end of an 

read-modify-write instructions on an I/O port instruction cycle, whereas for reading, the data must be 
valid at the beginning of the instruction cycle (see 
Figure 9-9). Therefore, care must be exercised if a 
write followed by a read operation is carried out on the 
same I/O port. The sequence of instructions should be 
such to allow the pin voltage to stabilize (load depen- 
dent) before executing the instruction that reads the 
values on that I/O port. Otherwise, the previous state of 
that pin may be read into the CPU rather than the “new” 
state. When in doubt, it is better to separate these 
instructions with a NOP or another instruction not 
accessing this I/O port. 





95.2 SUCCESSIVE OPERATIONS ON I/O PORTS 


FIGURE 9-9: SUCCESSIVE I/O OPERATION 


* Q1] Q2] Q3] Q4' yal Q2| Q3| Q4' Q1' Q2| Q3] Q4' Q1| Q2| Q3| Q4' Note: 


PC PC +3 ' This example shows a write to PORTB 


Petition: ' 1 ’ 7 followed by aread from PORTB. 
fetched | MOVWF PORTB MOVE PORTB,W ' Note that: 

write t + NOP ' NOP : data setup time = (0.25 Tcy - TPD) 
‘ ' : where Tcy = instruction cycle. 
' + Paige ' fo spel delay 
. erefore, at higher cloc 
RB7:RBO frequencies, a we followed by a 

read may be problematic. 


' Port pin ' 
sampled here: 


MOVWF PORTB . MOVF PORTB,W: 
write to ' 
PORTB 


' 
i 
t 
' 1 
Instruction ' 
executed 

4 

' 


t 4 
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10.0 OVERVIEW OF TIMER 
RESOURCES 


The PIC17C4X has four timer modules. Each module 
can generate an interrupt to indicate that an event has 
occurred. These timers are called: 


e TMRO - TimerO (16-bit timer with programmable 
8-bit prescaler) 

e TMR1- Timer (8-bit timer) 

¢ TMR2- Timer2 (8-bit timer) 

e TMR3 - Timer3 (16-bit timer) 


For enhanced time-base functionality, two input Cap- 
tures and two Pulse Width Modulation (PWM) outputs 
are possible. The PWMs use the TMR1 and TMR2 
resources and the input Captures use the TMR3 
resource. 


10.1 TMRO Overview 


The TMRO module is a simple 16-bit overflow counter. 
The clock source can be either the intemal system 
clock (Fosc/4) or an extemal clock. 


The TMRO module also has a programmable prescaler 
option. The PS3:PS0 bits (TOSTA<4:1>) determine the 
prescaler value. TMRO can increment at the following 
rates: 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, 1:128, 1:256. 


When TMRO’s clock source is an external clock, the 
TMRO module can be selected to increment on either 
the rising or falling edge. 


Synchronization of the extemal clock occurs after the 
prescaler. When the prescaler is used, the external 
clock frequency may be higher then the device’s fre- 
quency. The maximum frequency is 50 MHz, given the 
high and low time requirements of the clock. 


10.2 TMR1 Overview 


The TMR1 module is an 8-bit timer/counter with an 8- 
bit period register (PR1). When the TMR1 value rolls 
over from the period match value to Oh, the TMR1IF 
flag is set, and an interrupt will be generated when 
enabled. In counter mode, the clock comes from the 
RB4/TCLK12 pin, which can also be selected to be the 
clock for the TMR2 module. 


TMR1 can be concatenated to TMR2 to form a 16-bit 
timer. The TMR1 register is the LSB and TMR2 is the 
MSB. When in the 16-bit timer mode, there is a corre- 
sponding 16-bit period register (PR2:PR1). When the 
TMR2:TMR1 value rolls over from the period match 
value to Oh, the TMRI1IF flag is set, and an interrupt 
will be generated when enabled. 


10.3 TMR2 Overview 


The TMR2 module is an 8-bit timer/counter with an 8- 
bit period register (PR2). When the TMR2 value rolls 
over from the period match value to Oh, the TMR2IF 
flag is set, and an interrupt will be generated when 
enabled. In counter mode, the clock comes from the 
RB4/TCLK12 pin, which can also be selected to be the 
clock for the TMR1 module. 


TMR1 can be concatenated to TMR2 to form a 16-bit 
timer. The TMR2 register is the MSB and TMR’1 is the 
LSB. When in the 16-bit timer mode, there is a corre- 
sponding 16-bit period register (PR2:PR1). When the 
TMR2:TMR1 value rolls over from the period match 
value to Oh, the TMRI1IF flag is set, and an interrupt 
will be generated when enabled. 


10.4 TMR3 Overview 


The TMR3 module is a 16-bit timer/counter with a 16- 
bit period register. When the TMR3H:TMRSL_ value 
rolls over to Oh, the TMRSIF bit is set and an interrupt 
will be generated when enabled. In counter mode, the 
clock comes from the RB5/TCLKS pin. 


When operating in the dual capture mode, the period 
registers become the second 16-bit capture register. 


10.5 Role of the Timer/Counters 


The timer modules are general purpose, but have ded- 
icated resources associated with them. TMR1 and 
TMR2 are the time-bases for the two Pulse Width 
Modulation (PWM) outputs, while TMR3 is the time- 
base for the two input captures. 
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© 1995 Microchip Technology Inc. 


DS30412A-page 2-887 





PIC17C4X 





NOTES: 


a a Ai EE IES ETE SEED NTIS ESS SA SD RET SST I IETS a IT TE I OPEL A TE AES EI ET PETE LT EIT TL TOOL GEE REIT TEE LER ECP EEE PRP ED PEE TATE ELE ATE ACT OT EAE ITEP TI EAE EE LED EDT EET IEE ATE 


DS30412A-page 2-888 ~ ©1995 Microchip Technology Inc. | 


PIC17C4X 





11.0 TIMERO 


The TimerO (TMRO) module consists of a 16-bit 
timer/counter, TMRO. The high byte is TMROH and the 
low byte is TMROL. A software programmable 8-bit 
prescaler makes an effective 24-bit overflow timer. The 
clock source is also software programmable as either 
the intemal instruction clock or the RA1/TOCKI pin. The 
control bits for this module are in register TOSTA 
(Figure 11-1). 


FIGURE 11-1: TOSTA REGISTER (ADDRESS: 05H, UNBANKED) 


W = Writable bit 
U = Unimplemented, 
Read as '0' 
-n = Value at POR reset 
INTEDG: INT Pin Interrupt Edge Select bit 
This bit selects the edge upon which the interrupt is detected 
1 = Rising edge of RAO/INT pin generates interrupt 
0 = Falling edge of RAO/INT pin generates interrupt 


TOSE: TimerO Clock Input Edge Select bit 

This bit selects the edge upon which TMRO will increment 

When TOCS = 0 

1 = Rising edge of RA1/TOCKI pin increments TimerO and/or generates a TOCKIF interrupt 
0 = Falling edge of RA1/TOCKI pin increments TimerO and/or generates a TOCKIF interrupt 
When TOCS = 1 

Don't care 


TOCS: TimerO Clock Source Select bit 
This bit selects the clock source for TMRO. 
1 = Internal instruction clock cycle (Tcy) 

0 = TOCKI pin 


PS3:PS0: TimerO Prescale Selection bits 
These bits select the prescale value for TMRO. 


PS3:PSO Prescale Value 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1xXxx 


bit 0: Unimplemented: read as '0' 





Sa a aR I a Se a NAS a Ee 
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11.1 TMR ration 


When TOCS is set, TMRO increments on the internal 
clock. When TOCS is clear, TMRO increments on the 
external clock (RA1/TOCKI pin). The extemal clock 
edge can be configured in software. When TOSE is set, 
the timer will increment on the rising edge of the 
RA1/TOCKI pin. When TOSE is clear, the timer will 
increment on the falling edge of the RA1/TOCKI pin. 
The prescaler can be programmed to introduce a pres- 
cale of 1:1 to 1:256. The timer increments from 0000h 
to FFFFh and rolls over to 0000h. On overflow, the 
TMRO Interrupt Flag bit (TOIF) is set. The TMRO inter- 
rupt can be masked off by clearing the corresponding 
TMRO Interrupt Enable bit (TOIE). The TMRO Interrupt 
Flag bit (TOIF) is automatically cleared when vectoring 
to the TMRO interrupt vector. 


FIGURE 11-2: TMRO MODULE BLOCK DIAGRAM 


Prescaler 

(8 stage 
async ripple 
counter) 


RA1/TOCKI Fose/4 


TOSE 
(TOSTA<6>) 
PS3:PS0O 


TOCS 
(TOSTA<5>) (TOSTA<4:1>) 


Prescaler — 
output 
(PSOUT) 


Sampled 
Prescaler 
output 


Increment 
TMRO 


TMRO 


11.2 ing TMRO with External Clock 


When the extemal clock input is used for TMRO, it is 
synchronized with the internal phase clocks. 
Figure 11-3 shows the synchronization of the external 
clock. This synchronization is done after the prescaler. 
The output of the prescaler (PSOUT) is sampled twice 
in every instruction cycle to detect a rising or a falling 
edge. The timing requirements for the external clock 
are detailed in the electrical specification section for the 
desired device. 


11.2.1 DELAY FROM EXTERNAL CLOCK EDGE 


Since the prescaler output is synchronized with the 
internal clocks, there is a small delay from the time the 
external clock edge occurs to the time TMRO is actually 
incremented. Figure 11-3 shows that this delay is 
between 3 Tosc and 7 Tosc. Thus, for example, mea- 
suring the interval between two edges (e.g. period) will 
be accurate within +4 Tosc (+160 ns @ 25 MHz). 


Interrupt on overflow 
sets TOIF 
(INTSTA<5>) 


aN Ns ac) ct 2 a8 au ia] ca a poe 


(note 3) 


(note 2) 


Note 1: The delay from the TOCKI edge to the TMRO increment is 3 Tosc-7 Tosc. 
2: T = PSOUT is sampled here. 
3: The PSOUT high time is too short and is missed by the sampling circuit. 
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11.3. Read/Write Consideration for TMRO 


Although TMRO is a 16-bit timer/counter, only 8-bits at 
a time can be read or written during a single instruction 
cycle. Care must be taken during any read or write. 


11.3.1. READING 16-BIT VALUE 


The problem in reading the entire 16-bit value is that 
after reading the low (or high) byte, its value may 
change from FFh to 00h. 


EXAMPLE 11-1: 16-BIT READ 

MOVPF TMROL, TMPLO ;read low tmr0 
MOVPF TMROH, TMPHI ;read high tmr0 
MOVFP TMPLO, WREG ;tmplo —> wreg 
CPFSLT TMROL, WREG ;tmr0Ol < wreg? 
RETFIE sno then return 
MOVPF TMROL, TMPLO ;read low tmr0 
MOVPF TMROH, TMPHI ;read high tmr0 
RETFIE ;return 


Interrupts must be disabled during this subroutine. 


11.3.2 WRITING A 16-BIT VALUE TO TMRO 


Since writing to either TMROL or TMROH will effectively 
inhibit increment of that half of the TMRO in the next 
cycle (following write), but not inhibit increment of the 
other half, the user must write to TMROL first and 
TMROH next in two consecutive instructions, as shown 
in Example 11-2. The interrupt must be disabled. Any 
write to either TMROL or TMROH clears the prescaler. 


EXAMPLE 11-2: 16-BIT WRITE 

BSF CPUSTA, GLINTD ; Disable interrupt 
MOVFP RAM L, TMROL : 

MOVFP RAM _H, TMROH : 

BCF CPUSTA, GLINTD ; Done, enable interrupt 


11.4 Prescaler Assignments 


TimerO has an 8-bit prescaler. The prescaler assign- 
ment is fully under software control; i.e., it can be 
changed "on the fly" during program execution. When 
changing the prescaler assignment, clearing the pres- 
caler is recommended before changing assignment. 
The value of the prescaler is “unknown”, and assigning 
a value that is less then the present value makes it dif- 
ficult to take this unknown time into account. 


TROL: TO ‘New TO (NTO) ' New TO+ ! 


Fetch 


Instruction |! 
executed ; Write to TMROL ! 


TMROH 


' MOVFP W,TMROL 'MOVFP TMROL,W ! ae TMROL,W ee TMROL,W ! 
Read TMROL 
(Value = NTO) 


Read TMROL 
(Value = NTO +1) , 


Read TMROL 
(Value = NTO) 


' 
4 
4 
‘ 
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Q3 |Q4 Qi [Q2 |Q3 [a4 :Q1 |Q2 1Q3 |Q4 :Q1 |Q2 [Q3 [Q4 :AQ1 1Q2 JaQ3 }aQ4 :Q1 |Q2 |Q3 |Q4 


ALE ' re, t rer, ' eer ry Fa 4 | ce ‘ f™\ 


WR_TRMOL 
WR_TMROH 


RD_TMROL 


TMROH 


FE X | FF X 56 Xi eX 58 x 


‘ MOVFP. + _MOVFP ' —_MOVPF : —MOVPF ' _MOVPF MOVPF  ! 
Instruction {,DATAL,TMROL DATAH,TMROH, TMROL,W ' TMROL,W , TMROL,W , TMROL,W , 
fetched 7: Write TMROL : Write TMROH | Read TMROL . Read TMROL : Read TMROL « Read TMROL 


Previously ‘| MOVFP ‘ MOVFP : MOVPF ' MOVPF ' MOVPE 
Fetched | DATAL,TMROLDATAH,TMROH = TMROL.W | TMROLW | _TMROL,W 


Write TMROL: Write TMROH , Read TMROL: Read TMROL: Read TMROL 


Instruction 
executed Instruction 


In this example, old TMRO value is 12FEh, new value of AB56h is written. 


TABLE 11-1: REGISTERS/BITS ASSOCIATED WITH TMRO 


Value on Value on all 
Address Name Bit 7 Power-On other resets 
Reset (Note1) 


05h, Unbanked | TOSTA : 


06h, Unbanked : ee a | GLINTD | ES 
07h, Unbanked | INTSTA | TOF 
OBh, Unbanked TimerO low byte 
OCh, Unbanked Timer0 high byte 


Legend: x-=unknown, u= unchanged, - = unimplemented, reads as a '0', ? - Value depends on condition. 
Note 1: Other (non power-up) resets include: external reset through MCLR and the Watchdog Timer time-out reset. 





2: Shaded cells are not used by TMRO. 
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12.0 TIMER1, TIMER2, TIMERS, 
PWMS AND CAPTURES 


The PIC17C4X has a wealth of timers and time-based 
functions to ease the implementation of control applica- 
tions. These time-base functions include two PWM out- 
puts and two Capture inputs. 


Timer1 (TMR1) and Timer2 (TMR2) are two 8-bit incre- 
menting timers, each with a period register (PR1 and 
PR2 respectively) and separate overflow interrupt 
flags. TMR1 and TMR2 can operate either as timers 
(increment on internal OSC/4 clock) or as counters 
(increment on falling edge of external clock on pin 
RB4/TCLK12). They are also software configurable to 
operate as a single 16-bit timer. These timers are also 
used as the time-base for the PWM (pulse width mod- 
ulation) module. 


TMR3 is a 16-bit timer/counter consisting of the TMR3H 
and TMR3L registers. This timer has four other associ- 
ated registers. Two registers are used as a 16-bit period 
register or a 16-bit | Capture1 register 
(PR3H/CA1H:PR3L/CA1L). The other two registers 
are strictly the Capture2 registers (CA2H:CA2L). 
Timers? is the time-base for the two 16-bit captures. 


Timer3 can be software configured to increment from 
the internal system clock or from an external signal on 
the RB5/TCLK3 pin. 


Figure 12-1 and Figure 12-2 are the control registers 
for the operation of Timer1, Timer2, and Timers, as well 
as PWM1, PWN2, Capture1, and Capture2. 


FIGURE 12-1: TCON1 REGISTER (ADDRESS: 16H, BANK 3) 


-0 RW-O -0 R/W-0 


Cage UE CA1ED1 GAIEDO TRSCS TMROCS arise R = Readable bit 
W = Writable bit 
mm -n = Value at POR reset 


bit 7-6: CA2ED1:CA2ED0: Capture2 Mode Select bits 


00 = Capture on every falling edge 

01 = Capture on every rising edge 

10 = Capture on every 4th rising edge 
11 = Capture on every 16th rising edge 


CA1ED1:CA1EDO: Capture1 Mode Select bits 


00 = Capture on every falling edge 
01 = Capture on every rising edge 
10 = Capture on every 4th rising edge 


11 = Capture on every 16th rising edge 


T16: Timer1:Timer2 Mode Select bit 
1 = Timer1 and Timer2 form a 16-bit timer 
O = Timer1 and Timer are two 8-bit timers 


TMR3CS: Timer3 Clock Source Select bit 


1 = Timer3 increments off the falling edge of the RB5/TCLK pin 


0 = Timer3 increments off the intemal clock 
TMR2CS: Timer2 Clock Source Select bit 


1 = Timer2 increments off the falling edge of the RB4/TCLK12 pin 


0 = Timer2 increments off the intemal clock 
TMR1CS: Timer1 Clock Source Select bit 


1 = Timer1 increments off the falling edge of the RB4/TCLK12 pin 


0 = Timer1 increments off the intemal clock 
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FIGURE 12-2: TCON2 REGISTER (ADDRESS: 17H, BANK 3) 


a bitO 


bit7:; CA2OVF: Capture2 Overflow Status bit 
This bit indicates that the capture value had not been read from the capture register pair (CA2H:CA2L) 
before the next capture event occured. The capture register retains the oldest unread capture value (last 
capture before overflow). Subsequent capture events will not update the capture register with the Timer3 
value until the capture register has been read (both bytes) and this bit is cleared in software. 
1 = Overflow occurred on Capture2 register 
0 = No overflow occurred on Capture2 register 


CA10VF: Capture1 Overflow Status bit 

This bit indicates that the capture value had not. been read from. the capture register pair 
(PR3H/CA2H:PR3L/CA2L) before the next capture event occured. The capture register retains the oldest 
unread capture value (last capture before overflow). Subsequent capture events will not update the cap- 
ture register with the Timer3 value until the capture register has been read (both bytes) and this bit is 
cleared in software. 

1 = Overflow occurred on Capture1 register 

0 = No overflow occurred on Capture1 register 


PWM2ON: PWN2 On bit 
1 =PWN2 is enabled (The RB3/PWN2Z pin ignores the state of the DDRB<3> bit) 
0 = PWNM2 is disabled (The RB3/PWM2 pin uses the state of the DDRB<3> bit for data direction) 


PWM10ON: PWM1 On bit 


Ecoreoir SWEon sTiGn NGAL/ERS TOR TMRZON TURION R = Readable bit 
W = Writable bit 
-n = Value at POR reset 


1 = PWM1 is enabled (The RB2/PWM1 pin ignores the state of the DDRB<2> bit) | 
0 = PWM1 is disabled (The RB2/PWM1 pin uses the state of the DDRB<2> bit for data direction) 


CA1/PR3: CA1/PR3 Register Mode Select bit 

1 = Enables Capture1 (PR3H/CA1H:PR3L/CA1L is the Capture1 register. Timer3 runs without 
a period register) 

0 = Enables the Period register (PRS3H/CA1H:PRS3L/CA1L is the Period register for Timers) 


TMRSON: Timer3 On bit 
1 = Starts Timer3 
0 = Stops Timer3 


TMR2ON: Timer2 On bit . 

This bit controls the incrementing of the Timer2 register. When Timer2:Timer1 form the 16-bit timer (T16 
is set), TMR2ON must be set. This allows the MSB of the timer to increment. 

1 = Starts Timer2 (Must be enabled if the T16 bit (TCON1<3>) is set) 

0 = Stops Timer2 

TMRI1ION: Timer1 On bit 

When 116 is set (in 16-bit Timer Mode) 

1 = Starts 16-bit Timer2:Timer1 

0 = Stops 16-bit Timer2:Timer1 


e is clear (in 8-bit Ti 
1 = Starts 8-bit Timer1 
0 = Stops 8-bit Timer1 
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12.1 Timer1 and Timer2 
12.1.1 TIMER1, TIMER2 IN 8-BIT MODE 


Both Timeri and Timer2 will operate in 8-bit mode 
when the T16 bit is clear. These two timers can be inde- 
pendently configured to increment from the internal 
instruction cycle clock or from an external clock source 
on the RB4/TCLK12 pin. The timer clock source is con- 
figured by the TMRxCS bit (x = 1 for Timer1 or = 2 for 
Timer2). When TMRxCS is clear, the clock source is 
intemal! and increments once every instruction cycle 
(OSC/4). When TMRxCS is set, the clock source is the 
RB4/TCLK12 pin, and the timer will increment on every 
falling edge of the RB4/TCLK12 pin. 


The timer increments from OOh until it equals the 
Period register (PRx). It then resets to 00h at the next 
increment cycle. The timer interrupt flag is set when the 
timer is reset. Timer1 and Timer2 have individual inter- 
rupt flag bits. The Timer1 interrupt flag bit is latched into 
TMRIIF, and the Timer2 interrupt flag bit is latched into 
TMR2IF. 


Each timer also has a corresponding interrupt enable 
bit (TMRxIE). The timer interrupt can be enabled by set- 
ting this bit and disabled by clearing this bit. For periph- 
eral interrupts to be enabled, the Peripheral Interrupt 
Enable bit must be enabled (PEIE is set) and global 
interrupts must be enabled (GLINTD is cleared). 


The timers can be tumed on and off under software 
control. When the Timerx on control bit (TMRxON) is 
set, the timer increments from the clock source. When 
TMRXON is cleared, the timer is turned off and cannot 
cause the timer interrupt flag to be set. 


12.1.14.1 EXTERNAL CLOCK INPUT FOR TMR1 
OR TMR2 


When TMRxCS is set, the clock source is the 
RB4/TCLK12 pin, and the timer will increment on every 
falling edge on the RB4/TCLK12 pin. The TCLK12 input 
is synchronized with internal phase clocks. This causes 
a delay from the time a falling edge appears on TCLK12 
to the time TMR1 or TMR2 is actually incremented. For 
the external clock input timing requirements, see the 
Electrical Specification section. 


FIGURE 12-3: TMR1 AND TMR2 IN TWO 8-BIT TIMER/COUNTER MODE 


TMR1ON 
(TCON2<0>) 


TMRICS 
(TCON1<0>) 


xX 


RB4/TCLK12 


Fosc/4 = 


TMR20N 
(TCON2<1>) 


TMR2CS 
(TCON1<1>) 
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12.1.2 TIMER1 & TIMER2 IN 16-BIT MODE 


To select 16-bit mode, the T16 bit must be set. In this 


mode TMR1 and TMR2 are concatenated to form a 
16-bit timer (TMR2:TMR1). The 16-bit timer incre- 
ments until it matches the 16-bit period register 
(PR2:PR1). On the following timer clock, the timer 
value is reset to Oh, and the TMRI1IF bit is set. 


When selecting the clock source for the 16-bit timer, the 
TMRI1ICS bit controls the entire 16-bit timer and 
TMR2CS is a "don’t care". When TMR1CS is clear, the 
timer increments once every instruction cycle (OSC/4). 
When TMR1CS is set, the timer increments on every 
falling edge of the RB4/TCLK12 pin. For the 16-bit 
timer to increment, both TMR1ON and TMR2ON bits 
must be set (see Table 12-1). 


12.1.2.1 EXTERNAL CLOCK INPUT FOR 
TMR1:TMR2 


When TMRICS is set, the 16-bit TMR2:TMR1 incre- 
ments on the falling edge of clock input TCLK12. The 
input on the RB4/TCLK12 pin is sampled and synchro- 


nized by the internal phase clocks twice every instruc- 
tion cycle. This causes a delay from the time a falling 
edge appears on RB4/TCLK12 to the time 
TMR2:TMR1 is actually incremented. For the external 
clock input timing requirements, see the Electrical 
Specification section. 


TABLE 12-1: TURNING ON 16-BIT TIMER 


Pe Only TMR1 increments 


1 16-bit timer | 
(TMR2:TMR1) ON 
1 2 s 
ae 46-bit timer OFF 
























FIGURE 12-4: TMR1 AND TMR2 IN 16-BIT TIMER/COUNTER MODE 


RB4/TCLK12 
Foscl4 TMRION 


(TCON2<0>) 


TMRICS 
(TCON1<0>) 


TMR1 x8 TMR2 x8 a 


Comparator x16 





Set Interrupt TMR1IF 
Ls (PIR<4>) 


TABLE 12-2: SUMMARY OF TIMER1 AND TIMER2 REGISTER 






[eh Banka [ToONT 
[7h Banks [TONE fi 
Tier 









7h. Bank [PE 
07h, Unbanked | INTSTA PEIF 


O6h, Unbanked|CPUSTA 





[oh Barks [wider | ber] Deo | 
12h, Bank 3 
13h, Bank 3 















[ish Senet |PIR RSENS Tana [wR Tp 
rari [ne 


15h, Bank 2 PR2 | Timer2 period register uuuU WwuUU 






2PWe 








@fi[TURZON] TMRTONT 00000000] 0000 0000 
eee sooo wuau wan 












x 
= 
cee ee 







Legend: x= unknown, u = unchanged, - = unimplemented, reads as a ‘0’, ? - Value depends on condition. 
Note 1: Other (non power-up) resets include: external reset through MCLR and WDT Timer time-out reset. 


2: Shaded cells are not used by TMR1 and TMR2. 
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12.1.3 USING PULSE WIDTH MODULATION 
(PWM) OUTPUTS WITH TMR1 AND TMR2 


Two high speed pulse width modulation (PWM) outputs 
are provided. The PWM1 output uses Timer1 as its 
time-base, while PWM2 may be software configured to 
use either Timer1 or Timer 2 as the time-base. The 
PWM outputs are on the RB2/PWM1 and RB3/PWM2 
pins. 


Each PWM output has a maximum resolution of 
10-bits. At 10-bit resolution, the PWM output frequency 
is 24.4 kHz (@ 25 MHz clock) and at 8-bit resolution the 
PWM output frequency is 97.7 kHz. The duty cycle of 
the output can vary from 0% to 100%. 


Figure 12-5 shows a simplified block diagram of the 
PWM module. The duty cycle register is double buff- 
ered for glitch free operation. Figure 12-6 shows how 
a glitch could occur if the duty cycle registers were not 
double buffered. 


The user needs to set the PWM1ON bit (TCON2<4>) to 
enable the PWM1 output. When the PWMION bit is 
set, the RB2/PWM1 pin is configured as PWM1 output 
and forced as an output irrespective of the data direc- 
tion bit (DDRB<2>). When the PWMI1ON bit is clear, 
the pin behaves as a port pin and its direction is con- 
trolled by its data direction bit (DDRB<2>). Similarly, the 
PWM2ON (TCON2<5>) bit controls the configuration of 
the RBS/PWN2 pin. 


FIGURE 12-6: PWM OUTPUT 


PWM 
output 


tf 


Timer Write new 
interrupt P'WM value 


0 10 20 30 40 


FIGURE 12-5: SIMPLIFIED PWM BLOCK 
DIAGRAM 


PWMxON 


Clear Timer, 
PWMx pin and 
Latch D.C. 


Note 1: 8-bit timer is concatenated with 2-bit internal Q clock 
or 2 bits of the prescaler to create 10-bit time-base. 








Timer interrupt 
new PWM value 
transferred to slave 


Note 1: The dotted line shows PWM output if duty cycle registers were not double buffered. 
If the new duty cycle is written after the timer has passed that value, then the PWM does 
not reset at all during the current cycle causing a “glitch”. 


2: In this example, PWM period = 50. Old duty cycle is 30. New duty cycle value is 10. 
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12.1.3.1 PWM PERIODS 


The period of the PWM1 output is determined by 
Timer1 (TMR1) and its period register (PR1). The 
period of the PWM2 output can be software configured 
to use either Timer1 or Timer2 as the time-base. When 
TM2PW2 bit (PW2DCL<5>) is clear, the time-base is 
determined by TMR1 and PR1. When TM2PW2 is set, 
the time-base is determined by TMR2 and PR2. 


Running two different PWM outputs on two different 
timers allows different PWM periods. Running both 
PWMs from Timer 1 allows the best use of resources by 
freeing Timer2 to operate as an 8-bit timer. Timer1 and 
Timer2 can not be used as a 16-bit timer if either PWM 
is being used. 


The PWM periods can be calculated as follows: 
period of PWM1 =[(PR1) + 1] x 4 Tosc 


period of PWM2 =[(PR1) + 1]x 4 Tosc or 
[(PR2) + 1] x 4 Tosc 


The duty cycle of PWMx is determined by the 10-bit 
value DCx<9:0>. The upper 8-bits are from register 
PWxDCH and the lower 2-bits are from PWxDCL<7:6> 
(PWxDCH:PWxDCL<7:6>). Table 12-3 shows the 
maximum PWM frequency given the value in the period 
register. The PWMx duty cycle is as follows: 


PWMx Duty Cycle = (DCx) x Tosc 


where DCx represents the 10-bit value from 
PWxDCH:PWxDCL. 


lf DCx = 0, then the duty cycle is zero. If PRx = 
PWxDCH, then the PWM output will be low for one to 
four Q-clock (depending on the state of the 
PWxDCL<7:6> bits). For a Duty Cycle to be 100%, the 
PWxDCH value must be greater then the PRx value. 


The duty cycle registers for both PWM outputs are dou- 
ble buffered. When the user writes to these registers, 
they are stored in master latches. When TMR1 (or 
TMR2) overflows and a new PWM period begins, the 
master latch values are transferred to the slave latches 
and the PWMx pin is forced high. 





The user should also avoid any ‘raad-modify-wrlle® 
operations on the duty cycle registers, such as: ADDWF . 
PW1DCH. This may cause duty cycle outputs that are. 
unpredictable. 


TABLE 12-3: PWM FREQUENCY vs. 


RESOLUTION AT 25 MHz 


PWM Frequency (kHz) 


Frequency | 24.4 | 48.8 ee ee 


High ae 

Resolution 

Standard -bit 4-bit 
Resolution 


12.1.3.2 _PWMINTERRUPTS | 

The PWM module makes use of Timer1 or Timer2 inter- 
rupts. A timer interrupt is generated when TMR1 or 
TMR2 equals its period register and is cleared to zero. 
This interrupt also marks the beginning of a PWM 
cycle. The user can write new duty cycle values before 
the timer roll-over. The Timer1 interrupt is latched into 
the TMR1IF bit and the Timer2 interrupt is latched into 
the TMR2IF bit . These flags must be cleared in soft- 





































‘ware. 


12.13.38 EXTERNAL CLOCK SOURCE 


The PWMs will operate regardless of the clock source 
of the timer. The use of an external clock has ramifica- 
tions that must be understood. Because the external 
TCLK12 input is synchronized intemally (sampled once 
per instruction cycle), the time TCLK12 changes to the 
time the timer increments will vary by as much as Tcy 
(one instruction cycle). This will cause jitter in the duty 
cycle as well as the period of the PWM output. 


This jitter will be +Tcy, unless the external clock is syn- 
chronized with the processor clock. Use of one of the 
PWM outputs as the clock source to the TCLKx input, 
will supply a synchronized clock. 


In general, when using an external clock source for 
PWM, its frequency should be much less than the 
device frequency (Fosc). 


DS30412A-page 2-898 


© 1995 Microchip Technology inc. 


PIC17C4X 





12.1.3.3.1 MAX RESOLUTION/FREQUENCY FOR 
EXTERNAL CLOCK INPUT 


The use of an external clock for the PWM time-base 
(Timer1 or Timer2) limits the PWM output to a maxi- 
mum resolution of 8-bits. The PWxDCL<7:6> bits must 
be kept cleared. Use of any other value will distort the 
PWM output. All resolutions are supported when inter- 
nal clock mode is selected. The maximum attainable 
frequency is also lower. This is a result of the timing 
requirements of an external clock input for a timer (see 
the Electrical Specification section). The maximum 
PWM frequency, when the timers clock source is the 
RB4/TCLK12 pin, is shown in Table 12-3 (standard res- 
olution mode). 


12.2 Timer 


TMR3 is a 16-bit timer consisting of the TMR3H and 
TMRSL registers. TMR3H is the high byte of the timer 
and TMR3L is the low byte. This timer has an associ- 
ated 16-bit period register (PR3H/CA1H:PRSL/CA1L). 
This period register can be software configured to be a 
second 16-bit capture register. 


When the TMR3CS bit (TCON1<«2>) is clear, the timer 
increments every instruction cycle (OSC/4). When 
TMRS3CS is set, the timer increments on every falling 
edge of the RB5/TCLKS pin. In either mode, the 
TMR3ON bit must be set for the timer to increment. 
When TMRSON is clear, the timer will not increment or 
set the TMRSIF bit. 


TMR3 has two modes of operation, depending on the 
CA1/PR3 bit (TCON2<3>). These modes are: 


¢ One capture and one period register mode 
e Dual capture register mode 


The PIC17C4X has up to two 16-bit capture registers 
that capture the 16-bit value of TMR3 when events are 
detected on capture pins. There are two capture pins 
(RBO/CAP1 and RB1/CAP2), one for each capture reg- 
ister. The capture pins are multiplexed with PORTB 
pins. An event can be: a 


° arising edge 

¢ a falling edge 
e 4 rising edges 
e 16 rising edges 


Each 16-bit capture register has an interrupt flag asso- 
ciated with it. The flag is set when a capture is made. 
The capture module is truly part of the Timer3 block. 
Figure 12-7 and Figure 12-8 show the block diagrams 
for the two modes of operation. 


TABLE 12-4: REGISTERS/BITS ASSOCIATED WITH PWM 








[ eunaon 


16h, Bank 3 


17h, Bank 3 
10h, Bank 2 
11h, Bank 2 
16h, Bank 1 
17h, Bank 1 
07h, Unbanked 


TCON1 
TCON2 
TMRY1 
TMR2 






Timer1 
Timer2 








INTSTA 





O6h, Unbanked}; CPUSTA 3 

















SASL SAAISNANASTS ET SASS ar |] TMR2iF [| TMRIUF | SEO 
q TMR2IE 


[er] oce | 
[or | 566] 








Value on 
Power-On 


Reset (Note1) 














T16 | STMRSE: $| TMR2CS | TMRICS| 0000 0000 | 0000 0000 
CA1/PR3 E kt] TMR2ON TMRION| 0000 0000, 0000 0000 






D 


Legend: x= unknown, u = unchanged, - = unimplemented, reads as ‘0’, ? = value depends on conditions. 


Note 1: Shaded cells are not used by PWM. 
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12.2.1 ONE CAPTURE AND ONE PERIOD 
REGISTER MODE | 


In this mode registers PRSH/CAIH and PR3L/CA1L 
constitute a 16-bit period register. A block diagram is 
shown in Figure 12-7. The timer increments until it 
equals the period register and then resets to 0000h. 
TMR3 Interrupt Flag bit (TMRSIF) is set at this point. 
This interrupt can be disabled by clearing the TMR3 
Interrupt Enable bit (TMRSIE). TMRSIF must be 
cleared in software. 


This mode is selected if control bit CA1/PRS is clear. In 
this mode, the Capture1 register, consisting of high 
byte (PR3H/CA1H) and low byte (PR3L/CA1L), is con- 
figured as the period contro! register for TMR3. 
Capture is disabled in this mode, and the correspond- 
ing Interrupt bit CA1IF is never set. Timer3 increments 
until it equals the value in the period register and then 
resets to O000h. 


Capture2 is active in this mode. The CA2ED1 and 
CA2ED0 bits determine the event on which aoe will 
occur. The possible events are: 


e Capture on every falling edge 
e Capture on every rising edge 

e Capture every 4th rising edge 
e Capture every 16th rising edge 


When a capture takes place, an interrupt flag is latched 
into the CA2IF bit. This interrupt can be enabled by set- 
ting the corresponding mask bit CA2IE. The Peripheral 
Interrupt Enable bit (PEIE) must be set and the Global 
Interrupt Disable bit (GLINTD) must be cleared for the 
interrupt to be acknowledged. The CA2IF ere flag 
bit must be cleared in software. 


When the capture prescale select is changed, the pres- 
caler is not reset and an event may be generated. 
Therefore, the first capture after such a change will be 
ambiguous. However, it sets the time-base for the next 
capture. The prescaler is reset upon chip reset. 


Capture pin RB1/CAP2 is a multiplexed pin. When 
used as a port pin, Capture2 is not disabled. However, 
the user can simply disable the Capture2 interrupt by 
clearing CA2E. If RB1/CAP2 is used as an output pin, 
the user can activate a capture by writing to the port pin. 
This may be useful during development phase to emu- 
late a capture interrupt. 


The input on capture pin RB1/CAP2 is synchronized 
intemally to internal phase clocks. This imposes certain 
restrictions on the input waveform (see the Electrical 
Specification section for timing). _ 


The Capture2 overflow status flag bit is double buff- 
ered. The master bit is set if one captured word is 
already residing in the Capture2 register and another 
“event” has occurred on the RB1/CA2 pin. The new 
event will not transfer the Timer3 value to the capture 
register, protecting the previous unread capture value. 
When the user reads both the high and the low bytes (in 
any order) of the Capture2 register, the master overflow 
bit is transferred to the slave overflow bit (CA2ZOVF) 
and then the master bit is reset. The user can then read 
TCON2 to determine the value of CA2ZOVF. 


The recommended sequence to read capture registers 
and capture overflow flag bits is shown in 
Example 12-1. 


EXAMPLE 12-1: SEQUENCE TO READ 
CAPTURE REGISTERS 


MOVLB 3 ; Select Bank 3 
MOVPF CA2L, LO_BYTE ; Read Capture2 low 
; byte, store in LO_BYTE 
MOVPF CA2H, HI_BYTE ; Read Capture2 high 
; byte, store in HI_BYTE 
MOVPF TCON2, STAT_VAL ; Read TCON2 into file 
; STAT_VAL 


FIGURE 12-7: TIMERS WITH ONE CAPTURE AND ONE PERIOD REGISTER BLOCK DIAGRAM 


TMR3CS | 
TCON1<2> 


ON 
RBS/TCLK3 aie 


SF Edge select 
aX prescaler select 
| 2 


RB1/CAP2 


CA2ED1, CA2ED0 
TCON1<7:6> 
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wy 
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12.2.2 DUAL CAPTURE1 REGISTER MODE 


This mode is selected by setting CA1/PR3. A block dia- 
gram is shown in Figure 12-8. In this mode, TMRS runs 
without a period register and increments from O000h to 
FFFFh and rolls over to 0000h. The Timer3 interrupt 
Flag (TMRSIF) is set on this roll over. The TMRSIF bit 
must be cleared in software. 


Registers PR3H/CA1H and PR3SL/CA1L make a 16-bit 
capture register (Capture1). It captures events on pin 
RBO/CAP1. Capture mode is configured by the 
CA1ED1 and CA1ED0 bits. Capture1 Interrupt Flag bit 
(CA1IF) is set on the capture event. The corresponding 
interrupt mask bit is CA1IE . The Capture1 overflow sta- 
tus bit is CA1OVF. 


The Capture2 overflow status flag bit is double buff- 
ered. The master bit is set if one captured word is 
already residing in the Capture2 register and another 
“event” has occurred on the RB1/CA2 pin. The new 
event will not transfer the Timers value to the capture 
register which protects the previous unread capture 
value. When the user reads both the high and the low 
bytes (in any order) of the Capture2 register, the master 
overflow bit is transferred to the slave overflow bit 
(CA2OVF) and then the master bit is reset. The user 
can then read TCON2 to determine the value of 
CA20VF. 


The operation of the Capture1 feature is identical to 
Capture2 (as described in Section 12.2.1). 


FIGURE 12-8: TIMER3 WITH TWO CAPTURE REGISTERS BLOCK DIAGRAM 


CA1ED1, CA1EDO 
(TCON1<5:4>) i 2 


Edge Select 
Prescaler Select 


RBO/CAP1 


OSC/4 


x Ly 


TMR3ON 


TMR3CS (TCON2<2>) 
(TCON1<2>) 


SZ Edge Select 
a Prescaler Select 


RB1/CAP2 2 


RBS/TCLK3 


CA2ED1, CA2EDC 
(TCON1<7:6>) 


Capture Enable 





Set CAIIF 


PR3H/CA1H PR3L/CAIL (PIR<2>) 


Capture Enable 


7 Set TMRSIF 
__ 


(PIR<6>) 
PR3H/CA1H | PRSL/CAIL , 


Set CA2IF 
CA2H (PIR<3>) 


TABLE 12-5: REGISTERS ASSOCIATED WITH CAPTURE 












Timer3 low byte 

Timers high byte 

teh, Bank [PR a 
17h,Bank1 |PIE sf. 


07h, Unbanked} INTSTA | PEIF 
06h, Unbanked| CPUSTA 







17h, Bank 2 |PRSH/CA1H 


14h, Bank3 | CA2L 


Capture2 low byte 
Capture2 high byte 

















Tenaie [CATE | 





Timer3 period register, high byte/capture1 register, high byte 





16h, Bank2 | PRSL/CAI1L | Timer3 period register, low byte/capture1 register, low byte 












Value on Value on all 
Power-On | other resets 
Reset (Note1) 


0000 0000 0000" 0000 
Pe ec | a 
| 2000 2000 | uuu uuu 
=] 0000 0010 | 0000 0010 
0000 0000 


0000 0000] 0000 0000 
~-11 ??-- 









=| TMR38CS 












I 

! 
Be 
om 
ray 
ray 

j 

f 


uuuu uuuu 





uuuu UuUuU 


Legend: x= unknown, u = unchanged, - = unimplemented, reads as ‘0’. ? - Value depends on condition. 


Note 1: Shaded cells are not used by Capture. 
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12.23 EXTERNAL CLOCK INPUT FOR TIMERS 


When TMRSCS is set, the 16-bit TMR3 increments on 
the falling edge of clock input TCLK3. The input on the 
RB5/TCLK3 pin is sampled and synchronized by the 
intemal phase clocks twice every instruction cycle. This 
causes a delay from the time a falling edge appears on 
TCLK3 to the time TMRS is actually incremented. For 
the. external clock input timing requirements, see the 
Electrical Specification section. Figure 12-9 shows the 
timing diagram when operating from an extemal clock. 


12.2.4 READING/WRITING TIMER3 


Since Timer3 is a 16-bit timer and only 8-bits at a time 
can be read or written, care should be taken when read- 
ing or writing while the timer is running. The best 
method to read or write the timer is to stop the timer, 
perform any read or write operation, and then restart 
Timers (using the TMRSON bit). However, if it is neces- 
sary to keep Timer3 free-running, care must be taken. 
For writing to the 16-bit Timer3, Example 12-2 may be 
used. For reading the 16-bit Timer3, Example 12-3 may 
be used. 


EXAMPLE 12-2: WRITING TOTMR3 

BSF CPUSTA, GLINTD ; Disable interrupt 
MOVFP RAM _L, TMR3L : 

MOVFP RAM_H, TMR3H : 


BCF CPUSTA, GLINTD Done, enable interrupt 


EXAMPLE 12-3: READING FROMTMR3 


MOVPF TMR3L, TMPLO ;read low tmr0O 
MOVPF TMR3H, TMPHI ;read high tmr0 
MOVFP TMPLO, WREG ;tmplo -> wreg 
CPFSLT TMR3L, WREG stmrOl < wreg? 
RETFIE sno then return 
MOVPF TMR3L, TMPLO ~ ;read low tmr0 
MOVPF TMR3H, TMPHI ;read high tmr0 
RETFIE ;return 


Interrupts must be disabled during this subroutine. 


FIGURE 12-9: TMR1, TMR2, AND TMR3 OPERATION IN EXTERNAL CLOCK MODE 


Q1|Q2|Q3/A4 Q1/Q2|a3|04 Q1|aQ2|a3|a4 ;a1|Q2|Q3|A4,A1/Q2|Q3|Q4,01|Q2|Q3|Q4, 


yr vv4y 
eaete, ih ! 


TMAR1, TMR2, or TMR3 
PR1, PR2, or PR3H:PR3L : 
WR_TMR ! 

Read_TMR 


TMRxIF 


i] 

; ' MOVWE 
Instruction ' 1 TMRx 
t 
4 


executed 


fiordea dys 


34h ash {Ash OX ASH 00h 


MOVFP 
TMRx,W 
‘Write to TMRx | Read TMRx 


( ' ' 
t J 4 
‘ 1 ' 
t { t UJ 
t ‘ i) 
1 i] 1 
i] i] t 


) ahs ae 


. MOVEP 
1 TMRx,W 
| Read TMRx 


Note 1: TCLK12 is sampled in Q2 and Q4. 
2: indicates a sampling point. 
3: The latency from TCLK12 J to timer increment is between 2 Tosc and 6 Tosc. 
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FIGURE 12-10: TMR1, TMR2, AND TMR3 OPERATION IN TIMER MODE 
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Instruction |' MOVWF ' MOVF ' MOVF ' yoviB3' BSF s NOP ! BCF NOP ' NOP ' NOP ! NOP ! 
fetched '  TMR1 ' TMR1,W ' TMRI,W ! ' TCON2, 0 ! ' TCON2, 0! ' ' ' ' 
‘Write TMR1' Read TMR1' Read TMR1' 'Stop TMR1 ! ' Start TMA1! ! ' ' ’ 

i] t t t i] i] i t t i] t t 

4 t i] i] i] i] i) t i) i) t ' 

‘ 1 1 ' t i] t | i) t i) i 

| i] 1 1 i] t { { 1 t t f] 

TMR1 7 





PR1 


TMR1ON 


WR_TMR1 


WR_TCON2 


TMRIIF 







RD_TMR1 





'TMRi =! TMR1! ; 
‘ : ‘ reads O8h ' reads 04h ' ' ' ' ; ; ; : 





TABLE 12-6: SUMMARY OF TMR1,TMR2, AND TMR3 REGISTERS 


















Value on | Value on all 
Address Name Bit 7 Bit 6 Power-On | other resets 
Reset (Note1) 


























16h, Banks CRED) 


17h, Bank 3 2 Al Al 3 3 2 1 0000 0000 | 0000 0000 
h, Bank TCON CA20VF} CA1OVF | PWM20N CA1/PR3| TMRSON | TMR2ON| TMRiON 
10h, Bank 2 TMR1 =| Timert uuuu uuUuU 
1th, Bank2 |TMR2 | Timer2 
TMR3L Timer3 low byte 
| 16h,Bank1 [PIR = RBIE || TMRGIF | TMR2IF | TMRIIF | CA2IF | CAIIF { 
| 17h, Bank1 |PIE =f TMR3IE | TMR2IE | TMRIIE | CA2IE | CAIIE [ 
O7h, Unbanked |INTSTA PEIF [ofOOKIE fo Tor HF] PEIE | OCKIeE 
06h, Unbanked | CPUSTA 
14h, Bank 2 PR1 Timer1 period register 
15h, Bank 2 Timer2 period register 
16h, Bank 2 | PRSL/CAI1L | Timers period register, low byte/capture1 register, low byte 
17h, Bank 2. | PR3H/CA1H | Timer3 period register, high byte/capture1 register, high byte 
10h, Bank 3 |PW1DCL DCO 
11h, Bank 3 | PW2DCL DCo | TM2PW2 
[ah Banks [PW2DCH 


Legend: x= unknown, u = unchanged, - = unimplemented, reads as ‘0’. ? - Value depends on condition. 
Note 1: Shaded cells are not used by TMR1, TMR2 or TMR3. 





xXXXX XXXX | UUU UuUuU 
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NOTES: 
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13.0 SERIAL COMMUNICATION 
INTERFACE (SCI) MODULE 


The Serial Communication Interface (SCI) module is a 


The SCI module will control the direction of the 
RA4/RX/DT and RA5/TX/CK pins, depending on the 
states of the SCI configuration bits in the RCSTA and 
TXSTA registers. The bits that control I/O direction are: 


serial 1/O module. The SCI (USART) can be configured 


e SPEN 
as a full duplex asynchronous system that can commu- 

: e TXEN 
nicate with peripheral devices such as CRT terminals ° SREN 
and personal computers, or it can be configured as a ° CREN 
half duplex synchronous system that can communicate * CSRC 


with peripheral devices such as A/D or D/A integrated 
circuits, Serial EEPROMs etc. The SCI can be config- 
ured in the following modes: 


The Transmit Status And Control Register is shown in 
Figure 13-1, while the Receive Status And Control Reg- 


° Asynchronous (full duplex) ister is shown in Figure 13-2. 


e Synchronous - Master (half duplex) 
e Synchronous - Slave (half duplex) 
The SPEN (RCSTA<7>) bit has to be set in order to 


configure RC6 and RC7 as the Serial Communication 
Interface. 





FIGURE 13-1: TXSTA REGISTER (ADDRESS: 15H, BANK 0) 


-0 RW-0 RW-0 -0 
iat TXEN ‘SYNC on tae TG oe R = Readable bit 
bit7 bito | W = Writable bit 
-n = Value at POR reset 
(x = unknown) 
bit 7: CSRC: Clock Source Select bit 
h u 
1 = Master Mode (Clock generated internally from BRG) 
0 = Slave mode (Clock from external source) 


Asynchronous mode: 


Don’t care 


TX8/9: Transmit Data Length bit 
1 = Selects 9-bit transmission 
0 = Selects 8-bit transmission 


TXEN: Transmit Enable bit 

1 = Transmit enabled 

0 = Transmit disabled 

SREN/CREN overrides TXEN in SYNC mode 


SYNC: SCI mode Select bit 
(Synchronous/Asynchronous) 
1 = Synchronous mode 

0 = Asynchronous mode 


Unimplemented, reads as ‘0' 


TRMT: Transmit Shift Register (TSR) Empty bit 
1 = TSR empty 
0 =TSR full 


TXD8: 9th bit of transmit data (can be used to calculated the parity in software) 





Sa A a PC TEI PTT SE SS SS ID EE PL LE I EL SEE IRIS EE ETE EE TE IE ILE IEEE EE PEI LEE TI IE TEE EE EA TESS EGE EE TE ERE ED IEE IE ESA SOCAL EIN, 
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FIGURE 13-2: RCSTA REGISTER (ADDRESS: 13H, BANK 0) 


-0 RW-0 - 
C'SPEN [ Roam | SREN [ CREN | — | FERR [OER | CDs | [R= Readable bit 
bit7 bit 0 W = Writable bit 
-n = Value at POR reset 
(x = unknown) 

bit 7: SPEN: Serial Port Enable bit | 

1 = Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins 

0 = Serial port disabled 


RC8/9: Receive Data Length bit 
1 = Selects 9-bit reception 
0 = Selects 8-bit reception 


SREN: Single Receive Enable bit 

This bit enables the reception of a single byte. After receiving the byte, this bit is automatically cleared. 
Synchronous mode: 

1 = Enable reception 

0 = Disable reception 

Note: This bit is ignored in synchronous slave reception. 


Asynchronous mode: 
Don’t care 


CREN: Continuous Receive Enable bit 

This bit enables the continuous reception of serial data. 

Asynchronous mode: 

1 = Enable reception 

0 = Disables reception 

Synchronous mode: 

1 = Enables continuous reception until CREN is cleared (CREN overrides SREN) 
0 = Disables continuous reception 


Unimplemented, reads as '0' 


FERR: Framing Error bit 
1 = Framing error (Updated by reading RCREG) 
0 = No framing error 


OERR: Overrun Error bit 
1 = Overrun (Cleared by clearing CREN) 
O = No overrun error 


RCD8: 9th bit of receive data (can be the software calculated parity bit) 
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FIGURE 13-3: SCI TRANSMIT 


Sync/Async Sync/Async 


TXREG [Olilees |7| 
ica 


Data Bus 


FIGURE 13-4: SCI RECEIVE 


precree lave 


} ync 


Maiorit 


Asynce/Sync 





Sync/Async 


Sync/Async 


Sync 
} Master/Slave 


TXEN/ 
Write to TXREG 


~ Interrupt 


TXIE 


TXSTA<0> 


Async/Sync Interrupt 


set Fost 
START 
Detect SREN/ 


CREN/ 
RSR Start_Bit 


> 

: Stop] 8/7] eee |1}/0. 
a es ee 
1m 


|RCD8 |7| eee [1/0 


|RCDB [7] eee [1/0 


FERR 


Data Bus 
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13.1 iB Rat nerator (BR Example 13-1 shows the calculation of the baud rate 
| _ _error for the following conditions: 7 
The BRG supports both the Asynchronous and Syn- Fosc = 16 MHz 
chronous modes of the SCI. It is a dedicated 8-bit baud ae i 
rate generator. The SPBRG register controls the period Desired Baud Rate = 9600 
of a free running 8-bit timer. Table 13-1 shows the for- SYNC =0 
mula for computation of the baud rate for different SCI 
modes. These only apply when the SCI is in synchro- EXAMPLE 13-1: CALCULATING BAUD 
nous master mode (internal clock) and asynchronous RATE ERROR 
he wae ainearaena eset | bees Desired Baud rate=Fose / (64 (X + 1)) 
Given the desired baud rate and Fosc, the nearest inte- 
ger value between O and 255 can be calculated using Be Rest-« TeOUR ene) 
the formula below. The error in baud rate can then be X = = 25.042 = 25 
determined. Calculated Baud Rate=16000000 / (64 (25 + 1)) 
= 9615 


TABLE 13-1: BAUD RATE FORMULA 
0 Asynchronous Fosc/(64(X+1)) 
i: Synchronous Fosc/(4(X+1)) 


X = value in SPBRG (0 to 255) 


Error = | - 
Desired Baud Rate 


= (9615 - 9600) / 9600 
= 0.16% 






Writing a new value to the SPBRG, causes the BRG 
timer to be reset (or cleared), this guarantees that the 
BRG does not wait for a timer overflow before output- 
ting the new baud rate. 


TABLE 13-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR 


Value on Value on all 
Address Name Bit 7 Bit 6 power-on other resets 
Faas a taal ee 


[toh Barko | ROSTA | SPEN | Aaa | SRE) GREN| — | FENN Sens Robe 
17h, Bank 0 | SPBRG Baud rate generator register uuuu | uuuu uuuu | 


Legend: x= unknown, u = unchanged, - = unimplemented, reads as a '0’. 
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer time-out reset. 
2: Shaded cells are not used by the Baud Rate Generator. 

























SR a Ea Ra AI RE I RE RET SN OS NUNES ONSET RO RO OMG at TNS SR ER TOE TOO SUID) a DRA RES TR Ee 
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TABLE 13-3: BAUD RATES FOR SYNCHRONOUS MODE 


FOSC = 25 MHz 





















Fosc = 20 MHz FOSC = 16 MHz 








BAUD SPBRG SPBRG SPBRG 
value value value 
KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 


























NA — —_ NA _ — NA — — 
NA — — NA _ — NA — — 
NA — — NA — ~ NA _ _ 
NA as — NA —_ —_ NA — _ 
NA — — 19.53 +1.73 255 19.23 +0.16 207 
77.16 +0.47 80 76.92 +0.16 64 76.92 +0.16 51 
96.15 +0.16 64 96.15 +0.16 51 95.24 -0.79 41 
297.62 -0.79 20 294.1 -1.96 16 307.69 +2.56 12 
480.77 -3.85 12 500 0 9 500 0) 7 
6250 — 0 5000 “ee 0 4000 — 6) 
24.41 — 255 19.53 — 255 15.625 — 255 


FOSC = 10 MHz SPBRG FOSC = 7.159 MHz SPBRG FOSC = 5.068 MHz SPBRG 


value value value 
KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 


Fosc = 3.579 MHz spprq  |FOSC= 1 MHz sppaq [FOSS =92-768kKHz gag 


value value value 
KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 








LN Ta Ne al Sa asa Vee Ae ON fal ag Ee A ee Be CES Se Yes a SS a SE Bc ae] 
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TABLE 13-4: BAUD RATES FOR ASYNCHRONOUS MODE 


FOSC = 25 MHz SPBRG FOSC = 20 MHz SPBRG Fosc = 16 MHz SPBRG 


value value value 
KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR = (decimal) 


+1.73 
+0.16 
-1.36 
+1.73 
+1.73 
+8.51 


Fosc=10MHz . SPBRG FoOsc = 7.159 MHz SPBRG FoOsc = 5.068 MHz SPBRG 


value value value 
KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) 


Fosc = 3.579 MHz SPBRG Fosc = 1 MHz SPBRG FOSC = 32.768 kHz SPBRG 


value value value 
KBAUD %ERROR (decimal) KBAUD %ERROR (decimal) KBAUD %ERROR = (decimal) 


-14.67 
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13.2 SCl Asynchronous Mode 


In this mode, the SCI uses standard nonreturn-to-zero 
(NRZ) format (one start bit, eight or nine data bits and 
one stop bit). The most common data format is 8-bits. 
An on-chip dedicated 8-bit baud rate generator can be 
used to derive standard baud rate frequencies from the 
oscillator. The SCl’s transmitter and receiver are func- 
tionally independent but use the same data format and 
baud rate. The baud rate generator produces a clock 
64x of the bit shift rate. Parity is not supported by the 
hardware, but can be impiemented in software (and 
stored as the ninth data bit). Asynchronous mode is 
stopped during SLEEP. 


The asynchronous mode is selected by clearing the 
SYNC bit (TXSTA<4>). 


The SCI Asynchronous module consists of the follow- 
ing important elements: 


e Baud Rate Generator 

¢ Sampling Circuit 

e Asynchronous Transmitter 
e Asynchronous Receiver 


13.2.1 SCIASYNCHRONOUS TRANSMITTER 


The SCI transmitter block diagram is shown in 
Figure 13-3. The heart of the transmitter is the transmit 
shift register (TSR). The shift register obtains its data 
from the read/write transmit buffer (TXREG). TXREG is 
loaded with data in software. The TSR is not loaded 
until the stop bit has been transmitted from the previous 
load. As soon as the stop bit is transmitted, the TSR is 
loaded with new data from the TXREG (if available). 
Once TXREG transfers the data to the TSR (occurs in 
one Tcy at the end of the current BRG cycle), the 
TXREG is empty and an interrupt bit, TXIF (PIR<1>) is 
set. This interrupt can be enabled or disabled by the 
TXIE bit ( PIE<1>). TXIF will be set regardless of TXIE 
and cannot be reset in software. It will reset only when 
new data is loaded into TXREG. While TXIF indicates 
the status of the TXREG, the TRMT (TXSTA<1>) bit 
shows the status of the TSR. TRMT is a read only bit 
which is set when the TSR is empty. No interrupt logic 
is tied to this bit, so the user has to poll this bit in order 
to determine if the TSR is empty. 





Transmission is enabled’ by _ setting the 
TXEN (TXSTA<5>) bit. The actual transmission will not 
occur until TXREG has been loaded with data and the 
baud rate generator (BRG) has produced a shift clock 
(Figure 13-5). The transmission can also be started by 
first loading TXREG and then setting TXEN. Normally 
when transmission is first started, the TSR is empty, so 
a transfer to TXREG will result in an immediate transfer 
to TSR resulting in an empty TXREG. A back-to-back 
transfer is thus possible (Figure 13-6). Clearing TXEN 


during a transmission will cause the transmission to be 
aborted. This will reset the transmitter and the 
RA5/TX/CK pin will revert to hi-impedance. 


In order to select 9-bit transmission, the 
TX8/9 (TXSTA<6>) bit should be set and the ninth bit 
should be written to TXD8 (TXSTA<0>). The ninth bit 
must be written before writing the 8-bit data to the 
TXREG. This is because a data write to TXREG can 
result in an immediate transfer of the data to the TSR 
(if the TSR is empty). 


Steps to follow when setting up an Asynchronous 
Transmission: 


1. Initialize the SPBRG register for the appropriate 
baud rate. 

2. Enable the asynchronous serial port by config- 
uring the bits SYNC = 0 and SPEN = 1. 

3. If interrupts are desired, then the TXIE bit should 
be set. 

4. If 9-bit transmission is desired, then the TX8/9 | 
bit should be set. 

5. Load data to the TXREG register. 

6. If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 


7. Enable the transmission by setting TXEN (starts 
transmission). | 


Writing the transmit data to the TXREG, then enabling 
the transmit (setting TXEN) allows transmission to start 
sooner then doing these two events in the opposite 
order. 
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FIGURE 13-5: ASYNCHRONOUS MASTER TRANSMISSION 


Write to TXREG J ST EEIEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEn 
Word 1 : 
BRG output Wo ; 
(shift clock) _ — . ee 


TX a | | 
(RAS/ITX/CK pin) tN Start Bit C Bito x Bti x $$ xX Bit 7/stop Bit. | 





Word 


TXIF bit SS _————————————— 





Word 1 ——> 
Transmit Shift Reg 
TRMT bit 


Write to TXREG i 
Word 1 


BRG output 


(shift clock) Scene ce oe 


"A _Start Bit YX Bito >< Bit <> Bit 7/8 Stop Bit \Start Bit 
$< Word 1. -——-_-___-________-_______++—__Word 2 


Word 1. ——— a) ye 


Transmit Shift Reg. Transmit Shift Reg. 


TX 
(RAS/TX/CK pin) 
TXIF bit 


TRMT bit 


Note: This timing diagram shows two consecutive transmissions. 


Value on Value on all | 
Address Name | . Bit7 Bit 6 Bit 2 Power-On other resets 
gg Reset (Note1) 


16h,Bank1 | PIR =| RIF TMR2IF| TMR1IF TXIF RCIF 0000 0010 | 

13h, BankO | RCSTA | SPEN fe ff} =| 0000 -00x | 0000 -00u | 

16h, Bank 0 Serial port transmit register | on x | uuuu uuuUu 

15h, Banko [TXSTA [GRAB] Twa | TXEN | SYNC [Tre 0000 =~ 
| 17h, Bank 0 Baud rate generator register uuuu uuUuU 


Legend: x = unknown, u = unchanged, - = unimplemented, reads as a ‘0’. 
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer time-out reset. 
2: Shaded cells are not used for asynchronous transmission. 
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13.2.2 SClASYNCHRONOUS RECEIVER 


The receiver block diagram is shown in Figure 13-4. 
The data comes in the RA4/RX/DT pin and drives the 
data recovery block. The data recovery block is actually 
a high speed shifter operating at 16 times the baud 
rate, whereas the main receive serial shifter operates 
at the bit rate or at Fosc. 


Once the asynchronous mode is selected, reception is 
enabled by setting CREN (RCSTA<4>). 


The heart of the receiver is the receive (serial) shift reg- 
ister (RSR). After sampling the stop bit, the received 
data in the RSR is transferred to the RCREG (if it ts 
empty). If the transfer is complete, the interrupt bit 
RCIF (PIR<O>) is set. The actual interrupt can be 
enabled or disabled by the RCIE (PIE<0>) bit. RCIF is 
a read only bit which is reset by the hardware. It is 
cleared when RCREG has been read and is empty. 
RCREG is a double buffered register; (i.e. it is a two 
deep FIFO). It is possible for two bytes of data to be 
received and transferred to the RCREG FIFO and a 
third byte begin shifting to the RSR. On detection of the 
stop bit of the third byte, if the RCREG is still full, then 
the overrun error bit, OERR (RCSTA<1>) will be set. 
The word in the RSR will be lost. RCREG can be read 
twice to retrieve the two bytes in the FIFO. The OERR 
bit has to be cleared in software which is done by reset- 
ting the receive logic (CREN is set). If the OERR bit is 
set, transfers from the RSR to RCREG are inhibited, so 
it is essential to clear the OERR bit if it is set. The fram- 
ing error bit FERR (RCSTA<2>) is set if a stop bit is not 
detected. 





FIGURE 13-7: RX PINSAMPLING SCHEME 


R 
| (RA4/RX/DT pin) 
baud CLK 


13.2.3 SAMPLING 


The data on the RA4/RX/DT pin is sampled three times 
by a majority detect circuit to determine if a high or a 
low level is present at the RA4/RX/DT pin. The sam- 
pling is done on the seventh, eighth and ninth falling 
edges of a x16 clock (see Figure 11-3). These sample 
points have no relationship to the first falling edge of 
the start bit. 


The x16 clock is a free running clock, and the three 
sample points occur at a frequency of every 16 falling 
edges. 


———_ __ Baud CLK for all but start bit 





1 2 3 4 5 6 7 8 9 10 11 #12 13 14 15 14 1 #2 8 


LT] 


Samples 
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Steps to follow when setting up an Asynchronous 

Reception: 

1. Initialize the SPBRG register for the appropriate 
baud rate. 

2. Enable the asynchronous serial port by config- 
uring SYNC = 0 and SPEN = 1. 

3. If interrupts are desired, then the RCIE bit 
should be set. 

4. lf 9-bit reception is desired, then the RX8/9 bit 
should be set. 

5. Enable the reception by setting CREN. 

6. The RCIF bit will be set when reception is com- 
plete and an interrupt will be generated if the 
RCIE bit is set. 

7. Read RCSTA to get the ninth bit (if enabled) and 
FERR bit to determine if any error occurred dur- 
ing reception. 

8. Read the 8-bit received data by reading 
RCREG. 


9. If an overrun error occurred, clear the error by 
clearing the OERR bit. 





FIGURE 13-8: ASYNCHRONOUS RECEPTION 


RX Start 
(RAAXIDT pin) —\ bit_{“bito Ybitt X_SS Ybitr/e/Stop “bit EVES CET NW SY =) ene) ee 
Rev shift = 
Rev buffer req. ) ) 2 ) ) ) — 


Read Rev RCREG 
buffer reg SS 


RCREG 


RCIF de | >» 
(interrupt flag) 


OERR bit nee (Aen ee eee ager 


Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word, 
causing the OERR (overrun) bit to be set. 





TABLE 13-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION 


Value on Value on all 
Address Name Bit 7 Power-On other resets 
ul Aneeeee sd a el 


ih, Banko | ROREG re || | [ms [me [| oe | on 
17h Bark [PE | TRB RARE) Tne | HME ORBIE B[__2200 0000 [“o900 0000 


Esgekd: X = unknown, u = unchanged, - = unimplemented, reads as a ‘0’. 
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer time-out reset. 
2: Shaded cells are not used for asynchronous reception. 























Baud rate generator register 














DS30412A-page 2-914 © 1995 Microchip Technology Inc. 


PIC17C4X 





13.3 | Synchronous Master M 


In Master Synchronous mode, the data is transmitted in 
a half-duplex manner; i.e. transmission and reception 
do not occur at the same time: when transmitting data, 
the reception is inhibited and vice versa. The synchro- 
nous mode _  is- entered by _— setting the 
SYNC (TXSTA<4>) bit. In addition, the 
SPEN (RCSTA<7>) bit is set in order to configure the 
RA5 and RA4 I/O ports to CK (clock) and DT (data) 
lines respectively. The Master mode indicates that the 
processor transmits the master clock on the CK line. 
The Master mode is entered by setting the 
CSRC (TXSTA<7>) bit. 


13.3.1 SClSYNCHRONOUS MASTER 
TRANSMISSION 


The SCi transmitter block diagram is shown in 
Figure 13-3. The heart of the transmitter is the transmit 
(serial) shift register (TSR). The shift register obtains its 
data from the read/write transmit buffer TXREG. 
TXREG is loaded with data in software. The TSR is not 
loaded until the last bit has been transmitted from the 
previous load. As soon as the last bit is transmitted, the 
TSR is loaded with new data from TXREG (if available). 
Once TXREG transfers the data to the TSR (occurs in 
one Tcy at the end of the current BRG cycle), TXREG 
is empty and the TXIF (PIR<1>) bit is set. This interrupt 
can be enabled or disabled by the TXIE bit (PIE<1>). 
TXIF will be set regardless of TXIE and cannot be 
cleared in software. It will reset only when new data is 
loaded into TXREG. While TXIF indicates the status of 
TXREG, TRMT (TXSTA<1>) shows the status of the 
TSR. TRMT is a read only bit which is set when the 
TSR is empty. No interrupt logic is tied to this bit, so the 
user has to poll this bit in order to determine if the TSR 
is empty. The TSR is not mapped in data memory, so it 
is not available to the user. 


Transmission is enabled by _ setting the 
TXEN (TXSTA<5>) bit. The actual transmission will not 
occur until TXREG has been loaded with data. The first 
data bit will be shifted out on the next available rising 
edge of the clock on the RA5/TX/CK pin. Data out is 
stable around the falling edge of the synchronous clock 
(Figure 13-10). The transmission can also be started 
by first loading TXREG and then setting TXEN. This is 
advantageous when slow baud rates are selected, 
since BRG is’ kept in RESET when 
TXEN=CREN=SRENsclear. Setting the TXEN bit will 
start the BRG, creating a shift clock immediately. Nor- 
mally when transmission is first started, the TSR is 
empty, so a transfer to TXREG will result in an immedi- 
ate transfer to the TSR, resulting in an empty TXREG. 
Back-to-back transfers are possible. 


Clearing TXEN during a transmission will cause the 
transmission to be aborted’ and will reset the transmit- 
ter. The RA4/RX/DT and RA5/TX/CK pins will revert to 
hi-impedance. If either CREN or SREN are set during 
a transmission, the transmission is aborted and the 


RA4/RX/DT pin reverts to a hi-impedance state (for a 
reception). The RA5/TX/CK pin will remain an output if 
CSRC = 1 (intemal clock). The transmitter logic is not 
reset, although it is disconnected from the pins. In order 
to reset the transmitter, the user has to clear TXEN. If 
the SREN bit is set (to interrupt an ongoing transmis- 
sion and receive a single word), then after the single 
word is received, SREN will be cleared and the serial 
port will revert back to transmitting, since the TXEN bit 
is still set. The DT line will immediately switch from 
hi-impedance receive mode to transmit and start driv- 
ing. To avoid this, TXEN should be cleared. 


In order to select 9-bit transmission, the 
TX8/9 (TXSTA<6>) bit should be set and the ninth bit 
should be written to TXD8 (TXSTA<0>). The ninth bit 
must be written before writing the 8-bit data to TXREG. 
This is because a data write to TXREG can result in an 
immediate transfer of the data to the TSR (if the TSR is 
empty). If the TSR was empty and TXREG was written 
before writing the "new" TXD8, the "present" value of 
TXD8 is loaded. 


Steps to follow when setting up a Synchronous Master 
Transmission: 


1. Initialize the SPBRG register for the appropriate 
baud rate (see Baud Rate Generator Section for 
details). 

2. Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 1. 

3. Make sure CREN = SREN = 0 (these bits over- 
ride transmission when set). 

4. If interrupts are desired, then the TXIE bit should 
be set. 

5. If 9-bit transmission is desired, then the TX8/9 
bit should be set. 

6. Start transmission by loading data to the 
TXREG register. 

7. If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

8. Enable the transmission by setting TXEN. 


Writing the transmit data to the TXREG, then enabling 
the transmit (setting TXEN) allows transmission to start 
sooner then doing these two events in the opposite 
order. 
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TABLE 13-7: HEGP TERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION 


Value on Value on-all 
Address Name Bit 7 Bit 6 Power-On other resets 
Reset (Note1) 


rich Banko [rxnes [Tay [xe | ee [tee | to | Tee | Txt_| TKO | soocr seer | waa mass 
[-o0c0 0008 
[2060 ta 
cos 


































‘7h, Bank 1 Caan E) TMRIE | 0000 0000 | 0000 0000 
15h, Bank 0 | TXSTA CSRC TXEN | SYNC TRMT 0000 --1u 
SPBRG Baud rate generator register 


agora: X = unknown, u = unchanged, - = unimplemented, reads as a ‘0’. 


Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer time-out reset. 
2: Shaded cells are not used for synchronous master transmission. 


FIGURE 13-9: SYNCHRONOUS TRANSMISSION 

ao aaa i plo bi pes epee otf 
ahah ne SS ED CEI OED DCD CED CS 
pee. = 


Write to —— ' 
TXREG eee (HY ——_—_ 
i i : t ‘ ' t 
TXIF : 
Interrupt flag 








DT 
(RA4/RX/DT pin) 


CK 
(RAS/TXICK pin) 


Write to 
TXREG 


TXIF bit 


TRMT bit 
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13.3.2 SCI SYNCHRONOUS MASTER 
RECEPTION 


Once synchronous mode is selected, reception is 
enabled by setting either the SREN (RCSTA<5>) bit or 
the CREN (RCSTA<4>) bit. Data is sampled on the 
RA4/RX/DT pin on the falling edge of the clock. If 
SREN is set, then only a single word is received. If 
CREN is set, the reception is continuous until CREN is 
reset. If both bits are set, then CREN takes prece- 
dence. After clocking the last bit, the received data in 
the Receive Shift Register (RSR) is transferred to 
RCREG (if it is empty). If the transfer is complete, the 
interrupt bit RCIF (PIR<O>) is set. The actual interrupt 
can be enabled or disabled by the RCIE (PIE<0O>) bit. 
RCIF is a read only bit which is reset by the hardware. 
In this case it is reset when RCREG has been read and 
is empty. RCREG is a double buffered register; i.e., it is 
a two deep FIFO. It is possible for two bytes of data to 
be received and transferred to the RCREG FIFO anda 
third byte to begin shifting into the RSR. On the clock- 
ing of the last bit of the third byte, if RCREG is still full, 
then the overrun error bit OERR (RCSTA<1>) is set. 
The word in the RSR will be lost. RCREG can be read 
twice to retrieve the two bytes in the FIFO. The OERR 
bit has to be cleared in software. This is done by clear- 
ing the CREN bit. lf OERR bit is set, transfers from RSR 
to RCREG are inhibited, so it is essential to clear 
OERR bit if it is set. The 9th receive bit is buffered the 
same way as the receive data. Reading RCREG will 
load RCD8 with a new value; therefore, it is essential 
for the user to read the RCSTA register before reading 
RCREG in order not to lose the old RCD8 information. 


TABLE 13-8: 


| 13h, Banko | RCSTA | SPEN | ace 


Steps to follow when setting up a Synchronous Master 
Reception: 


1. Initialize the SPBRG register for the appropriate 
baud rate. See Section 13.1 for details. 

2. Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 1. 

3. If interrupts are desired, then the RCIE bit 
should be set. 

4. If 9-bit reception is desired, then the RX8/9 bit 
should be Set. 

5. If asingle reception is required, set SREN. For 
continuous reception set CREN. 

6. The RCIF bit will be set when reception is com- 
plete and an interrupt will be generated if the 
RCIE bit were set. 

7. Read RCSTA to get the ninth bit (if enabled) and 
determine if any error occurred during reception. 

8. Read the 8-bit received data by reading 
RCREG. 


9. If any error occurred, clear the error by clearing 
CREN. 





REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION 


Value on Value on all 
Power-On other resets 
Reset (Note1) 


0000 0010 | 0000 0010 
#34 0000 -00x | 0000 -00u 


TXSTA CSRC 
17h, Bank 0 | SPBRG Baud rate generator reg 





#41 0000 0000 | 0000 0000 
TRMT TXD8 | 0000 --1x | 0000 --1u 


Legend: x = unknown, u = unchanged, - = unimplemented, reads as a ‘0'. 
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer time-out reset. 
2: Shaded cells are not used for synchronous master reception. 
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FIGURE 13-11: SYNCHRONOUS RECEPTION (MASTER MODE, SREN) 
a ae a el lc a2fasfaafayarjagas| 


CK 
(RAS/TX/CK pin) 
Write to the 
SREN bit 


SREN bit 
CREN bit 


RCIF bit 


Read 
RCREG 


Note: Timing diagram demonstrates SYNC master mode with SREN = 1. 
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13.4 | Synchron lave M 


The synchronous slave mode differs from the master 
mode in the fact that the shift clock is supplied exter- 
nally at the RA5/TX/CK pin (instead of being supplied 
internally in the master mode). This allows the device 
to transfer or receive data in the SLEEP mode. The 
slave mode is_ entered by’ clearing’ the 
CSRC (TXSTA<7>) bit. 


13.4.1. SCI SYNCHRONOUS SLAVE TRANSMIT 


The operation of the sync masier and slave modes are 
identical except in the case of the SLEEP mode. 


lf two words are written to TXREG and then the SLEEP 
instruction executes, the following will occur. The first 
word will immediately transfer to the TSR and transmit. 
The second word will remain in TXREG. TXIF will not 
be set. When the first word has been shifted out of 
TSR, TXREG will transfer the second word to the TSR 
and the TXIF flag will now be set. If TXIE is enabled, the 
interrupt will wake the chip from SLEEP and if the glo- 
bal interrupt is enabled, then the program will branch to 
interrupt vector (O020h). 


Steps to follow when setting up a Synchronous Slave 
Transmission: 


1. Enable the synchronous slave serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 0. 

2. Make CREN=0O. 

3. If interrupts are desired, then the TXIE bit should 
be set. 

4. lf 9-bit transmission is desired, then the TX8/9 
bit should be set. 

5. Start transmission by loading data to TXREG. 

6. If 9-bit transmission is selected, the ninth bit 
should be loaded in TXD8. 

7. Enable the transmission by setting TXEN. 


Writing the transmit data to the TXREG, then enabling 
the transmit (setting TXEN) allows transmission to start 
sooner then doing these two events in the opposite 
order. 





13.4.2 SCISYNCHRONOUS SLAVE RECEPTION 


Operation of the synchronous master and slave modes 
are identical except in the case of the SLEEP mode. 
Also, SREN is a don't care in slave mode. 


lf receive is enabled (CREN) prior to the SLEEP instruc- 
tion, then a word may be received during SLEEP. On 
completely receiving the word, the RSR will transfer the 
data to RCREG and if the RCIE bit is set, the interrupt 
generated will wake the chip from SLEEP. If the global 
interrupt is enabled, the program will branch to the 
interrupt vector (O020h). 


Steps to follow when setting up a Synchronous Slave 
Reception: 


1. Enable the synchronous master serial port by 
configuring the bits SYNC = 1, SPEN = 1 and 
CSRC = 0. 

2. If interrupts are desired, then the RCIE bit 
should be set. 

3. If 9-bit reception is desired, then the RX8/9 bit 

_ should be set. 

4. To enable reception, set CREN = 1. | 

5. The RCIF bit will be set when reception is com- 
plete and an interrupt will be generated if the 
RCIE bit was set. 

6. Read RCSTA to get the ninth bit (if enabled) and 
determine if any error occurred during reception. 

7. Read the 8-bit received data by reading 
RCREG. 

8. If any error occurred, clear the error by clearing 
CREN. 


To abort reception, either clear the SPEN bit, the 
SREN bit (when in single receive mode), or the CREN 
bit (when in continuous receive mode). This will reset 
the receive logic, so that it will be in the proper state 
when receive is re-enabled. 
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TABLE 13-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION 


Value on Value on all 
Address Name _ Bit7 Bit 6 Power-On other resets 
en eee. ome sad a 








[sek ks [on [a | wor | 
“igh peiko [ROSA [SPENT RB cS Re | OERR | Re Be [0000 -00x | 0000 -00u | 
A 
[7 gana [TxsTA | osnc [Tyee | txen [one | — fee] tawr | 1x08 [e000 —-ix | 000 —-iu 
Baud rate generator register i geeensceee Vann maius| 


record: X= aero u = unchanged, - = TaRipeereg. reads as a '0'. 
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Ti Timer time-out reset. 
2: Shaded cells are not used for synchronous slave transmission. 






























TABLE 13-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION 


Vaiue on Value on all 
Address Name Bit 6 Power-On other resets 
ee oe are! 


16h, Bark ([Turar ive [e000 v010 | 0000 0020 
soa [aret ress | S| or sea |—oenn | Ro 
ACRE Tre |e |e |e me | et | a freee oe 
17h, Banki [PIE | RBRET | RS SIET|[ 0000 0000 | 0000 0000” 
el 
SPBAG | Baudrale generator rite eee sooo | eae aa 


Tagend: X = unknown, u = unchanged, - = unimplemented, reads as a ‘0’. 
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer time-out reset. 
2: Shaded cells are not used for synchronous slave reception. 
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14.0 SPECIAL FEATURES OF THE 
CPU 


What sets a microcontroller apart from other proces- 
sors are special circuits to deal with the needs of real 
time applications. The PIC17CXX family has a host of 
such features intended to maximize system reliability, 
minimize cost through elimination of external compo- 
nents, provide power saving operating modes and offer 
code protection. These are: 

¢ OSC selection 

e Reset 

- Power-On Reset (POR) 

- Power-Up Timer (PWRT) 

- Oscillator Start-Up Timer (OST) 

Interrupts 

e Watchdog Timer (WDT) 

e SLEEP 

e Code protection 


FIGURE 14-1: CONFIGURATION WORD 


The PIC17CXX has a Watchdog Timer which can be 
shut off only through EPROM bits. It runs off its own RC 
oscillator for added reliability. There are two timers that 
offer necessary delays on power-up. One is the Oscil- 
lator Start-Up Timer (OST), intended to keep the chip in 
RESET until the crystal oscillator is stable. The other is 
the Power-Up Timer (PWRT), which provides a fixed 
delay of 96 ms (nominal) on power up only, designed to 
keep the part in RESET while the power supply stabi- 
lizes. With these two timers on-chip, most applications 
need no external reset circuitry. 


The SLEEP mode is designed to offer a very low cur- 
rent power-down mode. The user can wake from 
SLEEP through external reset, watchdog timer time-out 
or through an interrupt. Several oscillator options are 
also made available to allow the part to fit the applica- 
tion. The RC oscillator option saves system cost while 
the LF crystal option saves power. Configuration bits 
are used to select various options. This configuration 
word has the format shown in Figure 14-1. 


U-x R/P -1 


ee ee ee ee ee 


bit15-7 


bitO 


RP -0 Fora preci nent osci cose. 
ae Tes ES BO R = Readable bit 


bit15-7 


bit 15-9: Unimplemented, reads as a '1' 


bit 8,6,4: PM2, PM1, PMO, Processor Mode Select bits 


111 =Microprocessor Mode 
110 =Extended microcontroller mode 
101 =Microcontrolier mode 


000 =Code protected microcontroller mode 


, 5: Unimplemented, reads as a 'O' 


WDTPS1:WDTPSO, WDT Postscaler Select bits 


11 = WDT enabled, postscaler = 1 

10 = WDT enabled, postscaler = 256 

01 = WDT enabled, postscaler = 64 

00 = WDT disabled, 16-bit overflow timer 


FOSC1:FOSCO, Oscillator Select bits 
11 = EC oscillator 
10 = XT oscillator 
01 = RC oscillator 
00 = LF oscillator 


bito | P = Programmable bit 
U = Unimplemented 
-n= Value for Erased Device 
(x = unknown) 





Tt This bit does not exist on the PIC17C42. Reading this bit will return an unknown value (x). 
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14.1 Configuration Bits 


The PIC17CXX has seven configuration locations (see 
Table 14-1). These locations can be programmed (read 
as '0') or left unprogrammed (read as '1') to select vari- 
ous device configurations. Any write to a configuration 
location, regardless of the data, will program that con- 
figuration bit. A TABLWT instruction is required to write 
to program memory locations. The configuration bits 
can be read by using the TABLRD instructions. Reading 
any configuration location between FEOOh and FEO7h 
will read the low byte of the configuration word (see 
Figure 14-1) into the TABLATL register. The TABLATH 
register will be FFh. Reading a configuration location 
between FEO8h and FEOFh will read the high byte of 
the configuration word into the TABLATL register. The 
TABLATH register will be FFh. 


Addresses FEOOh thru FEOFh are only in the program 
memory space for microcontroller and code protected 
microcontroller modes. A device programmer will be 
able to read the configuration word in any processor 
mode. See programming specifications for more detail. 


TABLE 14-1: CONFIGURATION 














LOCATIONS 
J Bit, | Address 
FEOOA 


FEOth 
| WDTPSO_ FEO2h 
FEOSh 
| PMO FEO4h 
FEO6h 


PM2 Tf FEO8h tf 


t This location does not exist on the PIC17C42. 














14.2 Oscillator Configurations 
14.2.1 OSCILLATOR TYPES 


The PIC17CXX can be operated in four different oscil- 
lator modes. The user can program two configuration 
bits (FOSC1:FOSCO) to select one of these four 
modes: 


@ LF: Low Power Crystal 


e XT: Crystal/Resonator. 
e EC: External Clock Input 
e RC: Resistor/Capacitor 


14.22 CRYSTAL OSCILLATOR / CERAMIC 
RESONATORS 


In XT or LF modes, a crystal or ceramic resonator is 
connected to the OSC1/CLKIN and OSC2/CLKOUT 


‘pins to establish oscillation (Figure 14-2). The 


PiIC17CXX Oscillator design requires the use of a par- 
allel cut crystal. Use of a series cut crystal may give a 
frequency out of the crystal manufacturers specifica- 
tions. 


For frequencies above 20 MHz, it is common for the 
crystal to be an overtone mode crystal. Use of overtone 
mode crystals require a tank circuit to attenuate the 
gain at the fundamental frequency. Figure 14-3 shows 
an example of this. | : 


FIGURE 14-2: CRYSTAL OR CERAMIC 
RESONATOR OPERATION 
(XT OR LF OSC 
CONFIGURATION) 


OD 
To internal 


, logic 
PIC17CXX 


See Table 14-2 and Table 14-3 for recommended 
values of C1 and C2. 


Note 1: Aseries resistor may be required for AT strip 
cut crystals. 
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FIGURE 14-3: CRYSTAL OPERATION, 
OVERTONE CRYSTALS (XT 
OSC CONFIGURATION) 


PIC17C42 
To filter the fundamental frequency 
. 1 
Tee = (2x)? 
Where f = tank circuit resonant frequency. This should be 


midway between the fundamental and the 3rd overtone 
frequencies of the crystal. 


TABLE 14-2: CAPACITOR SELECTION 
FOR CERAMIC 
RESONATORS 


Oscillator Resonator Capacitor Range 
Type Frequency C1=C2 
LF 455 kHz 15 - 68 pF 
2.0 MHz 10 - 33 pF 


22 - 68 pF 
33 - 100 pF 


Higher capacitance increases the stability of the 
oscillator but also increases the start-up time. These 
values are for design guidance only. Since each res- 
onator has its own characteristics, the user should 
consult the resonator manufacturer for appropriate 
values of external components. 


Resonators Used: 


Panasonic EFO-A455K04B 
Murata Erie CSA2.00MG 
Murata Erie CSA4.00MG 
Murata Erie CSA8.00MT 
16.0 MHz | Murata Erie CSA16.00MX 


Resonators used did not have built-in capacitors. 








TABLE 14-3: CAPACITOR SELECTION 
FOR CRYSTAL 
OSCILLATOR 


[ie | roe_| x | ct 
I oe ee | ee 















LF 32 kHz 100-150 pF} 100-150 pF 
1 MHz 10-33 pF 10-33 pF 
2 MHz 10-33 pF 10-33 pF 

XT 47-100 pF 


15-68 pF 
15-47 pF 
TBD 
15-47 pF 
Higher capacitance increases the stability of the 
oscillator but also increases the start-up time and the 

oscillator current. These values are for design guid- 
ance only. Rs may be required in XT mode to avoid 
overdriving the crystals with low drive level specifica- 
tion. Since each crystal has its own characteristics, 
the user should consult the crystal manufacturer for 
appropriate values for external components. 
Note 1: For Vpp > 4.5V, C1 = C2 = 30 pf is recom- _ 
mended. 

2: Rs of 330Q is required for a capacitor com- 

bination of 15/15 pF. 


Crystals Used: 


14.2.3. EXTERNAL CLOCK OSCILLATOR 























In the EC oscillator mode, the OSC1 input can be 
driven. by CMOS drivers. In this mode, the 
OSC1/CLKIN pin is hi-impedance and the OSC2/CLK- 
OUT pin is the CLKOUT output (4 Tosc). 


FIGURE 14-4: EXTERNAL CLOCK INPUT 
OPERATION (EC OSC 
CONFIGURATION) 


Clock from > OSC1 
ext. system PIC17CXX 


CLKOUT OSC2 
(Fosc/4) 
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14.2.4 EXTERNAL CRYSTAL OSCILLATOR 
CIRCUIT 


Either a prepackaged oscillator can be used or a simple 
oscillator circuit with TTL gates can be built. Prepack- 
aged oscillators provide a wide operating range and 
better stability. A well-designed crystal oscillator will 
provide good performance with TTL gates. Two types 
of crystal oscillator circuits can be used: one with series 
resonance, or one with parallel resonance. 


Figure 14-5 shows implementation of a parallel reso- 
nant oscillator circuit. The circuit is designed to use the 
fundamental frequency of the crystal. The 74AS04 
inverter performs the 180-degree phase shift that a par- 
allel oscillator requires. The 4.7 kQ resistor provides 
the negative feedback for stability. The 10 kQ potenti- 
ometer biases the 74AS04 in the linear region. This 
could be used for external oscillator designs. 


FIGURE 14-5: EXTERNAL PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 


To Other 
Devices 


PIC17CXX 


20 pF T 20 pF 


Figure 14-6 shows a series resonant oscillator circuit. 
This circuit is also designed to use the fundamental fre- 
quency of the. crystal. The inverter performs a 
180-degree phase shift in a series resonant oscillator 
Circuit. The 330 kQ resistors provide the negative feed- 
back to bias the inverters in their linear region. 


FIGURE 14-6: EXTERNAL SERIES 
RESONANT CRYSTAL 
OSCILLATOR CIRCUIT 





To Other 


Devices Bici70xx 








14.2.5 RC OSCILLATOR 


For timing insensitive applications, the RC device 
option offers additional cost savings. RC oscillator fre- 
quency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operating 
temperature. In addition to this, oscillator frequency will 
vary from unit to unit due to normal process parameter 
variation. Furthermore, the difference in lead frame 
capacitance between package types will also affect 
oscillation frequency, especially for low Cext values. 
The user also needs to take into account variation due 
to tolerance of external R and C components used. 
Figure 14-6 shows how the R/C combination is con- 
nected to the PIC17CXX. For Rext values below 
2.2 kQ, the oscillator operation may become unstable, 
or stop completely. For very high Rext values (e.g. 
1 MQ), the oscillator becomes sensitive to noise, 
humidity and leakage. Thus, we recommend to keep 
Rext between 3 kQ and 100 kQ. 


Although the oscillator will operate with no external 
capacitor (Cext = 0 pF), we recommend using values 
above 20 pF for noise and stability reasons. With little 
or no external capacitance, oscillation frequency can 
vary dramatically due to changes in external capaci- 
tances, such as PCB trace capacitance or package 
lead frame capacitance. . 


See Section 18.0 for RC frequency variation from part 
to part due to normal process variation. The variation 
is larger for larger R (Since leakage current variation will 
affect RC frequency more for large R) and for smaller C 
(since variation of input capacitance will affect RC fre- 
quency more). 


See Section 18.0 for variation of oscillator frequency 
due to VDD for given Rext/Cext values as well as fre- 
quency variation due to operating temperature for given 
R, C, and VoD values. 


The oscillator frequency, divided by 4, is available on 
the OSC2/CLKOUT pin, and can be used for test pur- 
poses or to synchronize other logic (see Figure 3-2 for 
waveform). 


FIGURE 14-7: RC OSCILLATOR MODE 


OSC2/CLKOUT 
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14.3. Watchdog Timer (WDT) 


The Watchdog Timer’s function is to recover from soft- 
ware malfunction. The WDT uses an internal free run- 
ning on-chip RC oscillator for its clock source. This 
does not require any external components. This RC 
oscillator is separate from the RC oscillator of the 
OSC1/CLKIN pin. That means that the WDT will run, 
even if the clock on the OSC1/CLKIN and OSC2/CLK- 
OUT pins of the device has been stopped, for example, 
by execution of a SLEEP instruction. During normal 
operation and SLEEP mode, a WDT time-out gener- 
ates a device RESET. The WDT can be permanently 
disabled by programming the configuration bits 
WDTPS1:WDTPSO as '00' (Section 14.1). 


Under normal operation, the WDT must be cleared on 
a regular interval. This time is less the the minimum 
WDT overflow time. Not clearing the WDT in this time- 
frame will cause the WDT to overflow and reset the 
device. 


14.3.1 WDT PERIOD 


The WDT has a nominal time-out period of 12 ms, (with 
postscaler = 1). The time-out periods vary with temper- 
ature, VDD and process variations from part to part (see 
DC specs). If longer time-out periods are desired, a 
postscaler with a division ratio of up to 1:256 can be 
assigned to the WDT. Thus, typical time-out periods up 
to 3.0 seconds can be realized. 


The CLRWDT and SLEEP instructions clear the WDT 
and the postscaler (if assigned to the WDT) and pre- 
vent it from timing out thus generating a device RESET 
condition. 


The TO bit in the STATUS register will be cleared upon 
a WDT time-out. 


14.3.2 CLEARING THE WOT AND POSTSCALER 


The WDT and postscaler are cleared when: 


¢ The device is in the reset state 

e ASLEEP instruction is executed 

e ACLRWDT instruction is executed 

e Wake-up from SLEEP by an interrupt 


The WDT counter/postscaler will start counting on the 
first edge after the device exits the reset state. 


14.3.3. WDT PROGRAMMING CONSIDERATIONS 


It should also be taken in account that under worst case 
conditions (VDD = Min., Temperature = Max., max. 
WDT postscaler) it may take several seconds before a 
WDT time-out occurs. 


The WDT and postscaler is the Power-Up timer during 
the Power-On Reset sequence. 


14.3.4 WDT AS NORMAL TIMER 


When the WDT is selected as a normal timer, the clock 
source is the device clock. Neither the WDT nor the 
postscaler are directly readable or writable. The over- 
flow time is 65536 Tosc cycles. On overflow, the TO bit 
is cleared (device is not reset). The CLRWDT instruction 
can be used to set the TO bit. This allows this timer to 
be a simple overflow timer. When in sleep, this timer is 
stopped. 
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FIGURE 14-8: WATCHDOG TIMER BLOCK DIAGRAM 


On-chip RC Postscaler 
Oscillator* : 


| 8 - to - 1 MUX 
WDT Enable 





* This oscillator is separate from the external RC oscillator 
on the OSC1 pin. | WDT Overflow 


TABLE 14-4: REGISTERS/BITS ASSOCIATED WITH THE WATCHDOG TIMER 


Value on Value on all 
Address. Bit 7 Power-On | other resets 
Reset (Note1) 


oa Pane See ae oe HS aaa ae ee ee 


CPUSTA j= | s% 2 
Legend: -=Unimplemented, read as '0', ? - Value depends on condition. 
Note 1: Other (non power-up) resets include: external reset through MCLR and Watchdog Timer time-out reset. 
2: Shaded cells are not used by the WDT. . 


3: This value will be as the device was programmed, or if unprogrammed, will read as all '1's. 
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14.4 Power-Down Mode (SLEEP) bit, which is set on power-up, is cleared when SLEEP 
is invoked. The TO bit is cleared if WDT time-out 
The Power-Down mode is entered by executing a occurred (and caused wake-up). 


SLEEP instruction. This clears the Watchdog Timer and Wish the Steep InAiclionia bein feainanen 
postscaler (if enabled). The PD bit is cleared and the Got eves a pxceued, Sere 


TO bit is set (in the CPUSTA register). In sleep mode, instruction (PC + 1) is pre-fetched. For the device to 
the oscillator driver is turned off. The I/O ports maintain alae se ape aa ‘). tata 
ine stale (arving nich tow, OE NIN peda nce): regardless of the state of the GLINTD bit. If the GLINTD 


The MCLR/Ver pin must be at a logic high level bit is set (disabled), the device continues execution at 
(VIHMC). A WDT time-out RESET does not drive the the instruction after the SLEEP instruction. If the 
MCLR/VpP pin low. GLINTD bit is clear (enabled), the device executes the 


instruction after the SLEEP instruction and then 
14.4.1 WAKE-UP FROM SLEEP branches to the interrupt vector address. In cases 


The device can wake up from SLEEP through one of where the execution of the instruction following SLEEP 
the following events: is not desirable, the user should have a NOP after the 


SLEEP instruction. 
¢ APOR reset 


¢ External reset input on MCLR/Vep pin 
e WDT time-out reset (if WOT was enabled) 


e Interrupt from RAO/INT pin, RB port change, 
TOCKI interrupt, or some Peripheral Interrupts 


The following peripheral interrupts can wake-up from 
SLEEP: 


e¢ Capture’ interrupt The WDT is cleared when the device wake from 





¢ Capture? interrupt SLEEP, regardless of the source of wake-up. 
e SCI synchronous slave transmit interrupt 14.4.1.1. WAKE-UP DELAY 


e SCI synchronous slave receive interrupt 

When the oscillator type is configured in XT or LF 
mode, the Oscillator Start-Up Timer (OST) is activated 
on wake-up. The OST will keep the device in reset for 


Other peripherals can not generate interrupts since 
during SLEEP, no on-chip Q clocks are present. 


Any reset event will cause a device reset. Any interrupt 1024 Tosc. This needs to be taken into account when 
event is considered a continuation of program execu- considering the interrupt response time when coming 
tion. The TO and PD bits in the CPUSTA register can out of SLEEP. 


be used to determine the cause of device reset. The PD 


FIGURE 14-9: WAKE-UP FROM SLEEP THROUGH INTERRUPT 
: Q1| Q2] Q3] Q4. Q1] Q2| Q3] Q4: Q1| Q2| Q3] Q4: Q1| Q2] Q3] Q4: Q1| Q2| Q3| as. 













OSC1 : : ! : 3 meee VA ’ ‘ 

t ' ' ‘ Tost(2) ' ' ' 

CLKOUT(4) ' t ‘ ‘ t 
INT ; 
(RAO/INT pin): ; ' ; ; ‘ 
INTF flag . Interrupt Latency (2) . 
CANN ih ea ae ee CO” 

‘ ' ‘Processor ' ' 
INSTRUCTION FLOW ,in SLEEP’ ; 
PC {POPC TPC EK 00> 00S 

| ion ( « , 
fofehed St Inst(PC)=SLEEP :  Inst(PC+1) : Inst (PC+2) | 
eee Inst (PC-1) SLEEP ' Inst (PC+1) “~~ Dummy Cycle * 


Note 1: XT or LF oscillator mode assumed. 
2: Tost = 1024 Tosc (drawing not to scale). This delay will not be there for RC osc mode. 

3: When GLINTD = 0 processor jumps to interrupt routine after wake-up. If GLINTD = 1, execution will continue in line. 
4: CLKOUT is not available in these osc modes, but shown here for timing reference. 





Sa nS SSS 
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14.4.2 MINIMIZING CURRENT CONSUMPTION 


To minimize current consumption, all I/O pins should be 
either at VDD, or Vss, with no external circuitry drawing 
current from the I/O pin. I/O pins that are hi-impedance 
inputs should be pulled high or low externally to avoid 
switching currents caused by floating inputs. The 
TOCKI input should be at VDD or Vss. The contributions 
from on-chip pull-ups on PORTB should also be con- 
sidered, and disabled when possible. | 


14.5 Code Protection 


The code in the program memory can be protected by 
selecting the microcontroller in code protected mode 
(PM2, PM1, PMO = '000'). | 








In this mode, instructions that are in the on-chip pro- 
gram memory space, can continue to read or write the 
program memory. An instruction that is executed out- 
side of the internal program memory range will be inhib- 
ited from writing to or reading from program memory. 





aI a I SS PCR A SS mS FS IOI SS OTE SONG ADL PETS SCES 8 TE SES DSTI AYER SESE PEPE EA RE A DE PERETTI TIA EA ETE GLEE EEE EIS IE EAI IE TET IIPS TEE AEE ESS EIT ES SIE IT ECE DIDI 
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15.0 INSTRUCTION SET SUMMARY 


Each PIC17CXX instruction set consists of 58 instruc- 
tions. Each instruction is a 16-bit word divided into an 
OPCODE and one or more operands. The opcode 
specifies the instruction type, while the operand(s) fur- 
ther specify the operation of the instruction. The 
PIC17CXX instruction set can be grouped into three 
types: 

e byte-oriented 

¢ bit-oriented 

e literal and control operations. 


These formats are shown in Figure 15-1. 


Table 15-1 shows the field descriptions for the 
opcodes. These descriptions are useful for understand- 
ing the opcodes in Table 15-2 and in each specific 
instruction descriptions. 


byte-oriented instructions, 'f' represents a file regis- 
ter designator and ‘d' represents a destination designa- 
tor. The file register designator specifies which file 
register is to be used by the instruction. 


The destination designator specifies where the result of 
the operation is to be placed. If ‘d' = '0'", the result is 
placed in the WREG register. If ‘d' = '1', the result is 
placed in the file register specified by the instruction. 


bit-oriented instructions, ‘b' represents a bit field des- 
ignator which selects the number of the bit affected by 
the operation, while ‘f' represents the number of the file 
in which the bit is located. 


literal and control operations, 'k' represents an eight 
or eleven bit constant or literal value. 

The instruction set is highly orthogonal and is grouped 
into: 

¢ byte-oriented operations 

e bit-oriented operations 

e literal and control operations 


All instructions are executed within one single instruc- 
tion cycle, unless: 


* aconditional test is true 


e the program counter is changed as a result of an 
instruction 
e atable read ora table write instruction is executed 


(in this case, the execution takes two instruction 
cycles with the second cycle executed as a NOP) 


One instruction cycle consists of four oscillator periods. 
Thus, for an oscillator frequency of 25 MHz, the normal 
instruction execution time is 160 ns. If a conditional test 
is true or the program counter is changed as a result of 
an instruction, the instruction execution time is 320 ns. 


TABLE 15-1: OPCODE FIELD 
DESCRIPTIONS 


[Feta] _—_—Deseription 
Register file address (00h to FFh) 








Peripheral register file address (00h to 1Fh) 


Table pointer control i = '0' (do not change) 
i ='1' (increment after instruction execution) 


Table byte select t = '0' (perform operation on lower 
byte) 

t ='1' (perform operation on upper byte literal field, 
constant data) 


Working register (accumulator) 
Bit address within an 8-bit file register 
Literal field, constant data or label - 


Don't care location (= '0' or '1') 
The assembler will generate code with x ='0". It is 
the recommended form of use for compatibility with 
all Microchip software tools. 
Destination select 
0 = store result in WREG 

1 = store result in file register f 
Default isd = '1' 


u Unused, encoded as '0' 


Destination select | 

O = store result in file register f and in the WREG 
1 = store result in file register f 

Default is s = '1' 


label |Label name 


c,Dc, |ALU status bits Carry, Digit Carry, Zero, Overflow 


NTD] Global Interrupt Disable bit (CPUSTA<4>) 


Table Pointer (16-bit) 


TBLAT | Table Latch (16-bit) consists of high byte (TBLATH) 
and low byte (TBLATL) 


Ent [Table Latchiow byte 
zara Table Latchhigh byte 
OS 
Cc 






























WREG 
k 





































N 
© 
< 






Cli 
as) 
3 


dig 


T Top of Stack 

P Program Counter 

BSR_ |Bank Select Register 
WDT |Watchdog Timer Counter 
6 |Time-out bit 

) 

> 


Power-down bit 


dest |Destination either the WREG register or the speci- 
fied register file location 





<> [Reciserbae 
e_ [ine stot 


TO 
( 
—_ 


italics 
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Table 15-2 lists the instructions recognized by the 
MPASM assembler. | 





All instruction examples use the following format to rep- 
resent a hexadecimal number: 


Oxhh 
where h signifies a hexadecimal digit. 


To represent a binary number: 
0000 0100b 
where b signifies a binary string. 
FIGURE 15-1: GENERAL FORMAT FOR 
INSTRUCTIONS 


Byte-oriented file register operations 
15 9 8 7 0 


OPCODE | d_ f (FILE #) 


d= 0 for destination WREG 
d = 1 for destination f 
f = 8-bit file register address 


Bit-oriented file register operations 
15 1110 87 0 


OPCODE b (BIT #) f (FILE #) 


b = 3-bit address 
f =8-bit file register address 


Literal and control operations 
15 8 7 0 


OPCODE k (literal) 


k =8-bit immediate value 





15.1 Special Function Registers as — 
Source/Destination | 


The PIC17C4X’s orthogonal instruction set allows read 
and write of all file registers, including special function 
registers. There are some special situations the user 
should be aware of: | 


15.1.1 ALUSTA AS DESTINATION. 


If an instruction writes to ALUSTA, the Z, C, DC and OV 
bits may be set or cleared as a result of the instruction 
and overwrite the original data bits written. For exam- 
ple, executing CLRF ALUSTA will clear register 
ALUSTA, and then set the Z bit leaving0000 0100bin 
the register. 


15.1.2 PCLAS SOURCE OR DESTINATION 


Read, write or read-modify-write on PCL may have the 
following results: 
Read PC: 


Write PCL: 


PCH —> PCLATH; PCL — dest 


PCLATH — PCH; 
8-bit destination value > PCL 


Read-Modify-Write: PCL— ALU operand 
PCLATH — PCH; 
8-bit result > PCL 


Where PCH = program counter high byte (not an 
addressable register), PCLATH = Program counter 
high holding latch, dest = destination, WREG orf. 


15.1.3 BITMANIPULATION 


All bit manipulation instructions are done by first read- 
ing the entire register, operating on the selected bit and 
writing the result back (read-modify-write). The user 
should keep this in mind when operating on special 
function registers, such as ports. 
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TABLE 15-2: PIC 17CXX INSTRUCTION SET 


Mnemonic, Description Cycles 16-bit Opcode Status 
Operands MSb LSb Affected 


BYTE-ORIENTED FILE REGISTER OPERATIONS 


DOW fad [ADDWREGIo [toon sana tee nee [oveDOZ[ 
ADDWEC fd [ADDWREGandCarybitor | t_[o0o2 coca seer tere | OvCDOZ | 
ANOWF fa [ANDWREGwint | fooo0 aoza ree rere [ZT 
CLRF f,s |Clearf, or Clear f and Clear WREG 1 
CoM fd [Compiement’ | fovoa ooaa eer tere [ZT 
OPESEG [Compare fwinWREG, shpit=wREG | 1(@) [oo11 ooo: seer tees | None [6.8 | 
a NOUS 








CPFSLT.  f Compare f with WREG, skip if f < WREG 1 (2) 


QO 


oveDer 
Besrementtauptnot «| “1 @) [onl chia feet fete | Nene 


Inclusive OR WREG with f 0000 100d £fff £ffff 


wOWWE None 


QO 
ba 
I 
” 
G) 
= 


[MOVWF =f [Move WREG tof | 1 {0000 Q001 fffE fffF 


[1 Jooio aioe see este [ OVC0CZ 

[i ]os00 2000 2000 e000 | None 
GC CO 
oui ooia fees #68¢ [None 
; or Rone 
a [one 





No Operation 


Ui | 
D3), c} 
Oo} Zz, Oo 
nn oO; 7 
“Ti 


1 
1 
: 


c| m 
2) 5 
"Tl 


f,d 
f,d 
f,d 
f,s 
f,d 
f,d 


ooo _aiea feet teat [None 


Legend: Refer to Table 15-1 for opcode field descriptions, Shaded instructions are not available in the PIC17C42. 
Note 1: 2’s Complement method. 

2: Unsigned arithmetic. 

3: Ifs='1', only the file is affected: If s = '0', both the WREG register and the file are affected; If only the Work- 
ing register (WREG) is required to be affected, then f= WREG must be specified. 

4: During an LCALL, the contents of PCLATH are loaded into the MSB of the PC andkkkk kkkk is loaded into 
the LSB of the PC (PCL) 

5: Multiple cycle instruction for EPROM programming when table pointer selects internal EPROM. The instruc- 
tion is terminated by an interrupt event. When writing to external program memory, it is a two cycle instruc- 
tion. 

6: Two cycle instruction when condition is true, else single cycle instruction. 

7: Two cycle instruction except for TABLRD to PCL (program counter low byte) in which case it takes 3 cycles. 

8: A "skip" means that instruction fetched during execution of current instruction is not executed, instead an 
NOP is executed. 


1,3 
SUBWFB 
a 
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TABLE 15-2: PIC 17CXX INSTRUCTION SET (CONT.) 


Mnemonic, Description | Cycles | 16-bit Opcode. Status 
Operands | | | MSb LSp | Affected 

























TLRD t 


A 
OWT [fabio atchwite «too wie fee eee [Nore 
KORWF fa 


BIT-ORIENTED FILE REGISTER OPERATIONS 


f 
f 







: [Rene 
BTFSS 4p [Bttes.aiofect =| ‘4(@) [A008 abe fee eete | None 








LITERAL AND CONTROL OPERATIONS 


Ped 

68 

eed 

ae 

ee 

68 | 

68 

eel 

ADDLW 1011 0001 kkkk kkkk | OV,C,DC,Z a 
| ae 

3 — 
ee 

os 

ae 

47 | 

| 





{?) 
> 
r 
re 


K ees, EOUePeZ i 
ANDLW ~~ k __[AND literal with WREG | | 1 [2012 0101 kkkk kkkk] = Z | 
a 
CLAWOT —[GiearWatchdogTimer———=«dt_¥ ‘00000000 0000 0100 | TO. 
ey 


0000 0000 0000 0100 
~— [Unconditional Branch | 
Inclusive OR literal with WREG aa 


$19 
& re} 
Al *& 


1011 0011 kkkk kkkk 


1011 0111 kkkk kkkk | None [4,7 


10121 1000 wuuuu kkkk 


LCALL 


= 


Long Call 


Move literal to low nibble in BSR 







— 
1 
1 | 
2 
1 
> 


z 
< 
a 
o 
Fo 








eC 
ney ——— [erste [Joo os aor oar | 10 — 
; 
k 


=| 


|RETFIE Return from interrupt (and enable interrupts) | 2 }0000 0000 0000 0102 | GLINTD 


—— 
7 
SUBLW Subtract WREG from literal | OV,C,DC,Z a 


Legend: Refer to Table 15-1 for opcode field descriptions, Shaded instructions are not available in the PIC17C42. 
Note 1: 2’s Complement method. 

2: Unsigned arithmetic. . 

3: Ifs='1', only the file is affected: If s = ‘'0', both the WREG register and the file are affected; If only the Work- 

ing register (WREG) is required to be affected, then f= WREG must be specified. 

4: During an LCALL, the contents of PCLATH are loaded into the MSB of the PC andkkkk kkkk is loaded into 

the LSB of the PC (PCL) 

5: Multiple cycle instruction for EPROM programming when table pointer selects internal EPROM. The instruc- 
tion is terminated by an interrupt event. When writing to external program memory, it is a two cycle instruc- 
tion. 

Two cycle instruction when condition is true, else single cycle instruction. 

Two cycle instruction except for TABLRD to PCL (program counter low byte) in which case it takes 3 cycles. 

8: A "skip" means that instruction fetched during execution of current instruction is not executed, instead an 
NOP is executed. 


a 
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ADDLW ADD Literal to WREG ADDWFC ADD WREG and Carry bit to f 
Syntax: { label] ADDLW_ k Syntax: [ label] ADDWFC _ fd 
Operands: 0<k<255 Operands: 0<f<255 

Operation: (WREG) + k > (WREG) de [0,1] 

Status Affected: OV,C, DC, Z Operation: (WREG) + (f) + C — (dest) 


ncoding ee ee 
Description: The contents of WREG are added to Encoding: 





the eight bit literal 'k' and the result is Description: Add WREG, the Carry Flag and data 
placed in WREG. memory location ‘f'. If ‘d’ is 0, the result is 
Words: ] placed in WREG. If 'd' is 1, the result is 
) placed in data memory location ‘f'. 
CyERS: ’ Words: 1 
: 0x15 
Example ADDLW x Gyclae: ‘ 
Before Instruction 
WREG = 0x10 Example: BENE EEE 
After Instruction seals te at 
WE ee REG = 0x02 
WREG =  Ox4D 
After Instruction 
Carrybit = 0 
REG =  Qx02 
WREG = 0x50 
ADDWF ADD WREG tof ANDLW And Literal with WREG 
Syntax: [ label] ADDWF _ fd Syntax: { label] ANDLW_ k 
Operands: O<f<255 Operands: 0<k<255 
de [0,1] Operation: (WREG) .AND. (k) — (WREG) 
Operation: (WREG) + (f) —> (dest) Status Affected: 


Z 
Encoding: Description: The contents of WREG are AND’ed with 


Description: Add WREG to register ‘f'. If ‘d' is 0 the the eight bit literal 'k'. The result is 
result is stored in WREG. If 'd' is 1 the placed in WREG. 
result is stored back in register ‘f. Words: 1 
Words: 1 Cycles: 1 
Cycles: 1 Example: ANDLW  -Ox5F 
Example: ADDWF = REG, 0 Before Instruction 
Before Instruction WREG =  OxA3 
sea = Oxy After Instruction 
G = oxce WREG = 0x03 
After Instruction 
WREG = OxD9 
REG = OxC2 


ST PEE REIS SA ET LTE TE EES TC SE ITH SEY BT RIP TSI LD TS SES LE OT SIE IP SS EI SIP TO TET SE ETE SNOT ESD EE YEE FPP ED PE AT ERE RAP IRIE PE POET ETS EEE PEE EI EL TLE ESTE TEE EOD, 


© 1995 Microchip Technology inc. DS30412A-page 2-933 


PIC17C4X 








ANDWF AND WREG with f 
Syntax: [ label] ANDWF _ fd 
Operands: 0<f<255 
de [0,1] 
Operation: (WREG) .AND. (f) — (dest) 
Status Affected: Z 
Description: The contents of WREG are AND’ed 
with register ‘f'. If ‘d' is O the result is 
stored in WREG. If 'd' is 1 the result is 
stored back in register ‘f'. 
Words: 1 
Cycles: 1 
Example: ANDWF REG, 1 
Before Instruction 
WREG = 0x17 
REG = OxC2 
After Instruction 
WREG = _ 0x17 
REG = 0x02 
BCF Bit Clear f 
Syntax: [ label] BCF fb 
Operands: O0<f<255 
O<b<7 
Operation: 0 > (f<b>) 
Status Affected: | None 
Description: Bit 'b' in register ‘f' is cleared. 
Words: 1 
Cycles: 1 
Example: BCF FLAG_REG, 7 


Before Instruction 
FLAG_REG = 0xC7 


After Instruction 
FLAG_REG = 0x47 


BSF 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 
Words: 

Cycles: 


Example: 


Bit Set f 
[label] BSF  f,b 


0<f<255 
O<b<7 


1 > (f<b>) 

None 

Bit 'b' in register ‘f' is set. 
4 

4 

BSF FLAG_REG, 7 


Before Instruction 
FLAG_REG= Ox0A 


After Instruction 
FLAG_REG= Ox8A 


BTFSC 
Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Bit Test, skip if Clear 
[ label] BTFSC f,b 


O0<f<255 
O<b<7 


skip if (f<b>) = 0 
None 


1001 lbbb £fEE ELLE 


If bit ‘b' in register ‘f' is O then the next 
instruction is skipped. 

If bit 'b' is O then the next instruction 
fetched during the current instruction exe- 
cution is discarded, and a NoP is exe- 
cuted instead, making this a 2 cycle 
instruction. 


{ 
1(2) 


HERE 
FALSE 
TRUE 


BTFSC FLAG, 1 


Before Instruction 


PC 


= address (HERE) 


After Instruction 


ifFLAG<1> = 0; 

PC = address (TRUE) 
ifFLAG<i> = 1; 

PC = address (FALSE) 
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BTFSS Bit Test, skip if Set CALL Subroutine Call 
Syntax: [ label] BTFSS f,b Syntax: [ label] CALL k 
Operands: O0<f<127 Operands: O<k<4095 
Osb<7 Operation: PC+ 1 TOS, k > PC<12:0>, 
Operation: skip if (f<b>) = 1 k<12:8> + PCLATH<4:0>; 
Status Affected: None PC<15:13> — PCLATH<7:5> 
Description: If bit 'b' in register 'f' is 1 then the next Encoding: kkkk 
instruction is skipped. Description: Subroutine call within 8K page. First, 
If bit 'b' is 1, then the next instruction return address (PC+1) is pushed onto 
fetched during the current instruction exe- the stack. The thirteen bit value is 
cution, is discarded and an NoP is exe- loaded into PC bits<12:0>. Then the 
cuted instead, making this a 2 cycle upper-eight bits of the PC are copied 
instruction. into PCLATH. Call is a two-cycle 
Words: , instruction. . 
See LCALL for calls outside 8K memory 
Cycles: 1(2) space. 
Example: HERE BTFSS  FLAG,1 Words: { 
FALSE 
TRUE Cycles: 2 
Before Instruction Example: HERE Sek ie 
PC = address (HERE) Before Instruction 
After Instruction PG = Address (HERE) 
ifFLAG<1> = 0; After Instruction 
PC = address (FALSE) PC = Address (THERE) 
ifFLAG<1> = 1; TOS= Address (HERE + 1) 
PC = address (TRUE) 
BTG Bit Toggle f CLRF Clear f 
Syntax: { label] BTG f,b Syntax: [ label] CLRF f,s 
Operands: 0<f<255 Operands: 0<f<255 
O0<b<7 Operation: 00h > f, se [0,1] 
Operation: (f<b>) > (f<b>) 00h — dest 
Status Affected: | None Status Affected: None 
Description: Bit 'b' in data memory location ‘f' is Description: Clears the contents of the specified reg- 
inverted. ister(s). 
. s = 0: Data memory location ‘f' and 
motes: . WREG are cleared. 
Cycles: 1 S = 1: Data memory location 'f' is 
: cleared. 
Example: BTG PORTC, 4 
Before Instruction: a : 
PORTC = 0111 0101 [0x75] Cycles: 1 
After Instruction: Example: CLRF FLAG_REG 


PORTC = 0110 0101 [0x65] Before Instruction 
FLAG_REG =  Ox5A 

After Instruction 
FLAG_REG = 0x00 
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CLRWDT Clear Watchdog Timer 
Syntax [label] CLRWDT 
Operands None 
Operation 00h + WDT > 
0 — WDT postscaler, 
13TO 
1— PD 
Status Affected: TO, PD 
Description: CLRWDT instruction resets the watchdog 
timer. It also resets the prescaler of the 
WDT. Status bits TO and PD are set. 
Words 1 
Cycles: 1 
Example: CLRWDT 
Before Instruction 
WDT counter = ? 
After Instruction 
WDT counter = 0x00 
WDT Postscaler = 0 
TO = 1 
PD = 1 


COMF Complement f 
Syntax: [ label] COMF fd 
Operands: 0<f<255. 
de [0,1] 
Operation: (f) > (dest) 
Status Affected: Z 
Description: The contents of register ‘f! are comple- 
mented. If ‘d’ is 0 the result is stored in 
WREG. If ‘d' is 1 the result is stored 
back in register ‘f'. 
Words: 1 
Cycles: 1 
Example: COMF REG1, 0 
Before Instruction 
REG1 0x13 
After Instruction 
REG1 0x13 
WREG OxEC 
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Compare f with WREG, Compare f with WREG, 
UEFREG skip if f= WREG CEFSGr skip if f > WREG 
Syntax [label] CPFSEQ f Syntax: [ labe!] CPFSGT f 
Operands O0<f<255 Operands: O<f<255 
Operation (f) - (WREG), Operation: (f) - (WREG), 
skip if (f) = (WREG) skip if (f) > (WREG) 
(unsigned comparison) (unsigned comparison) 
Status Affected: | None Status Affected: None 
Encoding: | 0011 [ 0003 | ffft | ffft | Encoding: ffft 
Description: Tests the contents of data memory loca- Description: Tests the contents of data memory loca- 
tion ‘f' to the contents of WREG. tion ‘f' to the contents of the W register. 
The subtraction is unsigned. The subtraction is unsigned. 
if ‘f' = WREG then the fetched instruc- lf the contents of ‘f' > the contents of 
tion is discarded and an NOP is exe- WREG then the fetched instruction is 
cuted instead making this a two-cycle discarded and an NOP is executed 
instruction. instead making this a two-cycle instruc- 
tion. 
Words 1 mice 7 
ords: 
Cycles: 1 (2) 
Cycles: 1 (2) 
Example: HERE CPFSEQ REG 
NEQUAL Example: HERE CPFSGT, REG 
EQUAL NGREATER 
GREATER 


Before Instruction 





PC Address = HERE Before Instruction 
WREG = ? PC = Address (HERE) 
REG = ? WREG = 
After Instruction After Instruction 
if REG =  WREG; if REG > WREG; 
PC = Address (EQUAL) PC = Address (GREATER) 
if REG #  WREG; if REG < WREG; 
PC = Address (NEQUAL) PC = Address (NGREATER) 
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Status Affected: 
Encoding: 
Description: 


Compare f with WREG, 
skip if f<WREG 
[/abel] CPFSLT f 
0<f<255 

(f) - (WREG), 


skip if (f) < (WREG) 
(unsigned comparison) 


None 


0011 | 0000 SELe bp ob 6 


Tests the contents of data memory loca- 
tion ‘f' to the contents of WREG. 

The subtraction is unsigned. 

lf the contents of ‘f' < the contents of 
WREG, then the fetched instruction is 
discarded and an NOP is executed 
instead making this a two-cycle instruc- 
tion. 


4 
1 (2) 


HERE CPFSLT, REG 
NLESS 
LESS 


Before Instruction 


PC = Address (HERE) 

WwW = ? . 
After Instruction . 

if REG < WREG; 

PC = Address (LESS) 

if REG >  WREG; 

PC = Address (NLESS) 


DAW Decimal Adjust WREG Register 
Syntax: [ label] DAW fs 
Operands: —0<f< 255 
se [0,1] 
Operation: if [WREG<3:0> >9] .OR. [DC = 1] then 
WREG<3:0> + 6 > f<3:0>, s<3:0>; 
else 
WREG<3:0> — f<3:0>, $<3:0>; 
if [WREG<7:4> >9] .OR. [C = 1] then 
WREG<7:4> + 6 — f<7:4>, $<7:4> 
else 
WREG<7:4> — f<7:4>, 8<7:4> 
Status Affected: C 
Encoding: | _oor0 | itis | fete | eee | 
Description: DAW adjusts the eight bit value in 
2 WREG resulting from the earlier addi- 
tion of two variables (each in packed 
BCD format) and produces a correct 
packed BCD result. 
s=0: Result is placed in Data 
memory location ‘f' and 
WREG. 
s=1: Result is placed in Data 
memory location ‘f'. 
Words: 1 
Cycles: 1 
Example: DAW REG1, 0 
Before Instruction 
WREG = _ OxA5 
REGi = ? 
C = 0 
DC = QO 
After Instruction 
WREG = 0x05 
REGi1 = 0x05 
Cc = 1 
DC = 0 
Example 2: 
Before Instruction 
WREG = OxCE 
REGi = 7? 
C = 0 
DC = 0 
After Instruction 
WREG = 0x24 
REG1 = 0x24 
Cc = | 
DC = O 
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DECF Decrement f 
Syntax: [ label] DECF f,d 
Operands: O0<f<255 
de [0,1] 
Operation: (f) - 1 — (dest) 
Status Affected: OV,C, DC, Z 
Description: Decrement register ‘f'. If 'd' is 0 the 
result is stored in WREG. If ‘d' is 1 the 
result is stored back in register ‘f'. 
Words: 1 
Cycles: 1 
Example: DECF CNT, 1 
Before Instruction 
CNT =  OQx01 
Zz = 0 
After Instruction 
CNT =  Qx00 
Zz = 1 


DECFSZ Decrement f, skip if 0 
Syntax: [ label] DECFSZ f,d 
Operands: 0<f<255 
de [0,1] 
Operation: (f) — 1 — (dest); 
skip if result = 0 
Status Affected: None 
Encoding: Olld | ffff 
Description: The contents of register ‘f' are decre- 
mented. If ‘d' is O the result is placed in 
WREG. If 'd’ is 1 the result is placed 
back in register ‘f'. 
If the result is 0, the next instruction, 
which is already fetched, is discarded, 
and an NOP is executed instead mak- 
ing it a two cycle instruction. 
Words: 1 
Cycles: 1(2) 
Example: HERE DECFSZ CNT, 1 
GOTO LOOP 
CONTINUE 
Before Instruction 
PC = Address (HERE) 
After Instruction 
CNT = CNT-1 
ifCNT = 0; 
PC = Address (CONTINUE) 
ifCNT # 0; 
PC = Address (HERE+1) 


tt ES BEEP SESS SS A SEBS EST IRC PO ASS TAP A EE A EP SRE SE OSE SEEDED 
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DECFSNZ Decrement f, skip if not 0 
Syntax: [ label] DECFSNZ f,d 
Operands: 0<f<255 
de [0,1]. 
Operation: (f) — 1 — (dest); 
skip if not 0 
Status Affected: None 
Encoding: 
Description: The contents of register ‘f' are decre- 
mented. If ‘d' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f. 
If the result is not 0, the next instruc- 
tion, which is already fetched, is dis- 
carded, and an NOP is executed 
instead making it a two cycle instruc- 
tion. 
Words: 1 
Cycles: 1(2) 
Example: HERE DECFSNZ TEMP, 1 
ZERO © 
NZERO 
Before Instruction | 
TEMP_VALUE = ? 
After Instruction ; 
TEMP_VALUE = TEMP_VALUE - 1, 
if TEMP_VALUE = _ 0; 
PC = ddress (ZERO) 
if TEMP_VALUE =# = 0; / 
PC = Address (NZERO) 


GOTO 
Syntax: 
Operands: 
Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Unconditional Branch 
[label] GOTO k 


- O0sk<s8191. 


k + PC<12:0>; 
k<12:8> — PCLATH<4:0>, 
PC<15:13>— PCLATH<7:5> 


None 


110k kkkk kkkk kkkk 


GOTO allows an unconditional branch 
anywhere within an 8K page boundary. 
The thirteen bit immediate value is 
loaded into PC bits <12:0>. Then the 
upper eight bits of PC are loaded into 
PCLATH. GoTo is always a two-cycle 
instruction. 


1 
2 
GOTO THERE 


After Instruction 


PC = 


Address (THERE) 
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INCF Increment f 
Syntax: [ label] INCF f,d 
Operands: 0<f<255 
de [0,1] 
Operation: (f) + 1 - (dest) 
Status Affected: OV,C,DC,Z 
Description: The contents of register ‘f' are incre- 
mented. If ‘d' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register ‘f’. 
Words: 1 
Cycles: 1 
Example: INCF CNT, 1 
Before Instruction 
CNT =» OXFE 
Zz = 0 
C = 72 
After Instruction 
CNT = 0x00 
Z = 1 
Cc = 1 


INCFSZ 
Syntax: 
Operands: 


Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


increment f, skip if 0 
[label] INCFSZ f,d 


O0<f<255 
de [0,1] 


(f) + 1 — (dest) 
skip if result = 0 


None 


0001 lilid £rer ffff 


The contents of register ‘f' are incre- 
mented. If ‘d' is 0 the result is placed in 
WREG. If ‘d' is 1 the result is placed 
back in register ‘f'. 

If the result is 0, the next instruction, 
which is already fetched, is discarded, 
and an NOP is executed instead mak- 
ing it a two cycle instruction. 


, 
1(2) 


HERE 
NZERO 
ZERO 


INCFSZ CNT; <1 


Before Instruction 


PC 


Address (HERE) 


After Instruction 


CNT 
if CNT 


PC 


if CNT 


PC 


thu ow tt 


CNT + 1 

0; 

Address (ZERO) 
0; 

Address (NZERO) 


ALA SSRI AE A A TSE A SS TS NE I EE I ES AS EEE AT ST SE ETE ESE PT EEE SF pa I PSS SE SE LE I SIE ICED DE ARLE 


© 1995 Microchip Technology Inc. 


DS30412A-page 2-941 





PIC17C4X 





INCFSNZ Increment f, skip if not 0 
Syntax: [label] \NCFSNZ f,d 
Operands: 0<f<255 
de [0,1] 
Operation: (f) + 1 — (dest), skip if not 0 
Status Affected: None 
Description: The contents of register 'f' are incre- 
mented. If ‘d' is 0 the result is placed in 
WREG. If 'd' is 1 the result is placed 
back in register 'f’. 
if the result is not 0, the next instruction, 
which is already fetched, is discarded, 
and an NOP is executed instead mak- 
ing it a two cycle instruction. 
Words: 1 
Cycles: 1(2) 
Example: HERE INFSNZ REG, 1 
| ZERO 
NZERO 
Before Instruction 
REG = REG 
After Instruction 
REG = REG+1 
fREG = 1; 
PC = Address (ZERO) 
fREG = OQ; 
PC = Address (NZERO) 


IORLW 

Syntax: 
Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Inclusive OR Literal with WREG 
[label] IORLW k 

0<k<255 

(WREG) .OR. (k) — (WREG) 

Z 


1011 0011 kkkk kkkk 


The contents of WREG are OR’ed with 
the eight bit literal ‘'k'. The result is 
placed in WREG. 


1 
1 


IORLW 0x35 


Before Instruction 


WREG 


Ox9A 


After Instruction 


WREG 


OxBF 


EN Fa A EO a ND LE Nene SEA SD EES IN SE Ne aD Ts a NS aS a a Raa Saal ae PS a a ee 
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lIORWF Inclusive OR WREG with f 
Syntax: [labe/] IORWF fd 
Operands: 0<f<255 
de [0,1] 
Operation: (WREG) .OR. (f) > (dest) 
Status Affected: Z 
Description: Inclusive OR WREG with register ‘f'. If 
'd' is 0 the result is placed in WREG. If 
‘d' is 1 the result is placed back in regis- 
ter 'f'. 
Words: 1 
Cycles: 1 
Example: IORWF RESULT, 0 
Before Instruction 
RESULT = 0x13 
WREG = _ 0x91 
After Instruction 
RESULT = 0x13 
WREG = 0x93 


LCALL Long Call 

Syntax: [label] LCALL k 

Operands: 0<k<255 

Operation: PC + 1-» TOS; 
k — PCL, (PCLATH) > PCH 

Status Affected: None 

Description: LCALL allows unconditional subroutine 
call to anywhere within the 64k program 
memory space. 
First, the return address (PC + 1) is 
pushed onto the stack. A 16-bit desti- 
nation address is then loaded into the 
program counter. The lower 8-bits of 
the destination address is embedded in 
the instruction. The upper 8-bits of PC 
is loaded from PC high holding latch, 
PCLATH. 

Words: 1 

Cycles: 2 

Example: MOVLW HIGH (SUBROUTINE) 
MOVPF WREG, PCLATH 
LCALL LOW(SUBROUTINE) 

Before Instruction . 
SUBROUTINE = 16-bit Address 
PC = 7? 


After Instruction 


PC 


Address (SUBROUTINE) 


SR pS EA I OE eI Se NC EE a EO MDS Te ee Le ee eS 
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MOVFP Move f to p 
Syntax: [ label} MOVFP f,p 
Operands: O<f<255 
O<spsst 
Operation: (f) > (p) 
Status Affected: None | 
Description: Move data from data memory location ‘f' 
to data memory location 'p’. Location ‘f' 
can be anywhere in the 256 word data 
space (00h to FFh) while 'p' can be 00h 
to 1Fh. 
Either ’p' or ‘f' can be WREG (a useful 
special situation). 
MOVFP is particularly useful to transfer 
~a data memory location to a peripheral 
register (such as the transmit buffer or 
an 1/O port). Both ‘f' and ‘p' can be indi- 
rectly addressed. 
Words: 1 
Cycles: 1. 
Example: MOVFP REG1, REG2 
Before Instruction 
REG1 = 0x33, 
REG2 = Oxi 
After Instruction 
REG1 = 0x33, 
REG2 = 0x33 


MOVLB Move Literal to low nibble in BSR 
Syntax: { label] MOVLB k 
Operands: O<k<15 
Operation: k + (BSR<3:0>) 
Status Affected: None 
Description: The constant is loaded in the Bank 
Select Register (BSR). Only the low 4 
bits of the Bank Select Register are 
affected. The upper haif of the BSR is 
unchanged. The assembler will encode 
the "u" fields as 'O'. 
Words: | 
Cycles: 1 
Example: MOVLB 0x5 
Before Instruction 
BSR register = 0x22 
After Instruction 
BSR register = 0x25 








SA eR ec EE EE EO ETN a SP RT I EO II ERS ER AE a EO ETD NO EE NGS 
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Operation: 
Status Affected: 
Encoding: 


Description: 


Words: 
Cycles: 


Example: 





Move Literal to WREG 


{ label] MOVLW k 
0<k< 255 

k + (WREG) 

None 


1011 0000 kkkk kkkk 


The eight bit literal 'k’ is loaded into 
WREG. 


1 
1 


MOVLW OxSA 


After Instruction 


WREG 


=  Ox5A 


MOVPF Move p to f 
Syntax: [ label] MOVPF p,f 
Operands: O<f<255 
O<p<31 
Operation: (p) > (f) 
Status Affected: Z 
Description: Move data from data memory location 
‘p' to data memory location 'f’. Location 
'f' can be anywhere in the 256 byte data 
space (00h to FFh) while 'p' can be 00h 
to 1Fh. 
Either 'p' or ‘f' can be WREG (a useful 
special situation). 
MOVPF is particularly useful for transfer- 
ring a peripheral register (e.g., the timer 
or an I/O port) to a data memory loca- 
tion. 
Words: 1 
Cycles: 1 
Example: MOVPF REG1, REG2 
Before Instruction 
REG1 = Ox11 
REG2 = 0x33 
After Instruction 
REG1 = Oxi 
REG2 =  Ox11 
MOVWF Move WREG to f 
Syntax: [ label] MOVWF sf 
Operands: O<f<255 
Operation: (WREG) - (f) 
Status Affected: None 
Description: Move data from WREG to register ‘f'. 
Location ‘f can be anywhere in the 256 
word data space. 
Words: 1 
Cycles: 1 
Example: MOVWF REG 
Before Instruction 
WREG =  Ox4F 
REG =  OXFF 
After Instruction 
WREG =  Ox4F 
REG =  OXx4F 





REE aT YE TN ET a aR eT I TR OT aN A SO 
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NEGW Negate W RETFIE Return from Interrupt 
Syntax: [label] NEGW fs Syntax: [label] RETFIE 
Operands: O<F< 255 Operands: None 
s € [0,1] Operation: TOS = (PC); 
Operation: WREG + 1 - (f); 0 > GLINTD; 
WREG+1— 5s PCLATH is unchanged. 
Status Affected: OV, C, DC, Z Status Affected: GLINTD 
Description: WREG is negated using two’s comple- Description: Return from Interrupt. Stack is POP’ed 
ment. If 's' is O the result is placed in and Top of Stack (TOS) is loaded in the 
WREG and data memory location 'f'. If PC. Interrupts are enabled by clearing 
's'is 1 the result is placed only in data the GLINTD bit. GLINTD is the global 
memory location 'f'. interrupt disable bit (CPUSTA<4>). 
Words: 1 Words: 1 
Cycles: 1 Cycles: 2 
Example: NEGW = REG, 0 Example: RETFIE 
Before Instruction After Interrupt 
WREG = 0011 1010 [Ox3A], PC TOS 
REG = 1010 1011 [OxAB] GLINTD 0 
After Instruction 
WREG = 1100 0111 [OxC6] 
REG = 1100 0111 [OxC6] 
NOP No Operation RETLW Return Literal to WREG 
Syntax: [ label] NOP Syntax: [label] RETLW k 
Operands: None Operands: O0<k<255 
Operation: No operation Operation: k — (WREG); TOS — (PC); 
Status Affected: None PCLATH is unchanged 
Description: No operation. Encoding: 
Words: 1 Description: WREG is loaded with the eight bit literal 
° 'k'. The program counter is loaded from 
Cycles: 1 the top of the stack (the return address). 
; The high address latch (PCLATH) 
Example: remains unchanged. 
Words: 1 
Cycles: 2 
Example: CALL TABLE ; WREG contains table 
offset value 
WREG now has 
table value 
TABLE 
ADDWF PC ; WREG = offset 
RETLW k0 ; Begin table 
RETLW k1 ; 
RETLW kn ; End of table 
Before Instruction 
WREG = = 0x07 
After instruction 
WREG = __ value of k7 


A EE a a ET a DESDE OF aD Re SORT OM, SADE SNE Se a ES UR D SE A T  O R Nc  E 
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Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 


Cycles: 
Example: 


After Interrupt 


| label | 


Return from Subroutine 
RETURN 
None 


TOS — PC; 
PCLATH is unchanged 


' None 


0000 0000 0000 0010 


Return from subroutine. The stack is 


popped and the top of the stack (TOS) 


is loaded into the program counter. 
1 

2 

RETURN 


PC =TOS 


RLCF Rotate Left f through Carry 
Syntax: [label] RLCF f,d 
Operands: O<f< 255 © 
de [0,1] 
Operation: f<n> > d<n+1>; 
f<7> — C; 
C + d<0> 
Status Affected: Cc 7 
Description: The contents of register ‘f' are rotated 
one bit to the left through the Carry 
Flag. If ‘d' is 0 the result is placed in 
WREG. If ‘d' is 1 the result is stored 
back in register ‘f'. 
Words: 1 | 
Cycles: 1 
Example: RLCF REG, 0 
Before Instruction 
REG = 1110 0110 
C = O 
After Instruction 
REG = 1110 0110 
WREG = 1100 1100 
C = 1 
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RLNCF Rotate Left f (no carry) 
Syntax: [ label] RLNCF fd 
Operands: O<f< 255 
de [0,1] 
Operation: f<n> — d<n+1>; 
f<7> — d<0> 
Status Affected: None 
Description: The contents of register ‘f' are rotated 
one bit to the left. If ‘d’ is 0 the result is 
placed in WREG. if ‘d' is 1 the result is 
stored back in register ‘f’. 
Words: 1 
Cycles: 1 
Example: RLNCF REG, 1 
Before Instruction 
Cc = O 
REG = 1110 1011 
After Instruction 
Cc = 
REG = 1101 0111 


RRCF Rotate Right f through Carry 
Syntax: { label] RRCF f,d 
Operands: O<f<255 
de [0,1] 
Operation: f<n> > d<n-1>; 
f<0> —> C; 
C > d<7> 
Status Affected: C 
Description: The contents of register ‘f' are rotated 
one bit to the right through the Carry 
Flag. If ‘d' is O the result is placed in 
WREG. If ‘d' is 1 the result is placed 
back in register ‘f'. 
Words: 1 
Cycles: 1 
Example: RRCF REG1,0 
Before Instruction 
REG1 = 1110 0110 
C = 0 
After Instruction 
REG1 = 1110 0110 
WREG = = 0111 0011 
Cc = 0 
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RRNCF . Rotate Rightf(nocarry) | SETF Set f 
Syntax: [ label] RRNCF f,d Syntax: | [jabel] SETF f,s 
Operands: 0<f< 255 re Operands: 0<f<255 
de [0,1] se [0,1] 
Operation: f<n> > d<n-1>; Operation: FFh —> f; 
{<0> — d<7> FFh ->d 
Status Affected: None | Status Affected: None 
Description: The contents of register 'f' are rotated Description: If 's' is 0, both the data memory location 
one bit to the right. If ‘d' is 0 the result is 'f' and WREG are set to FFh. If's' is 1 
placed in WREG. If 'd' is 1 the result is only the data memory location '‘f' is set 
placed back in register 'f'. to FFh. 
| cles: 1 
Words: 1 oy 
| | ; Example1: SETF REG, 0 
cles: 
ey Before Instruction 
Example 1: RRNCF REG, 1 REG = OxDA 
Before Instruction WREG = 0x05 
WREG = ? After Instruction 
REG = 1101 0111 REG = OxFF 
After Instruction WREG =  OXFF 
WREG = 0 Example2: SETF PORTD, 1 
REG = 1110 1011 Before Instruction 
: REG = OxDA 
Example 2: RRNCF REG, 0 WREG = 0x05 
Before Instruction After Instruction 
WREG = ? REG =  OxFF 
REG = 1101 0111 WREG = 0x05 
After Instruction 
WREG == 1110 1011 
REG = 1101 0111 





A a I AE RI ara A TI ED PT PE AEDS NESS Re EE ETN gE Os ERO a EO ee ne TEES 
DS30412A-page 2-950 © 1995 Microchip Technology Inc. 


PIC17C4X 








SLEEP Enter SLEEP mode SUBLW Subtract WREG from Literal 
Syntax: [ label] SLEEP Syntax: [label] SUBLW k 
Operands: None Operands: 0<k<255 
Operation: 00h — WDT: Operation: k — (WREG) —> (WREG) 
0- — postscaler; Status Affected: | OV,C, DC, Z 
03 FD Encoding: 
: Description: WREG is subtracted from the eight bit 
Status Affected: TO, PD literal 'k'. The result is placed in 
Encoding: WREG. 
Description: The power down status bit (PD) is Words: 1 
cleared. The time-out status bit (TO) is Cycles: , 
set. Watchdog Timer and its prescaler ; 
are cleared. Example 1: SUBLW 0x02 
mode with the oscillator stopped. WREG = 1 
Words: 1 Cc = ? 
Cycles: 1 After Instruction 
WREG = 
Example: Senne Cc = 1 ; result is positive 
Before Instruction Z = 1 
TO = ? Example 2: 
PD = ? Before Instruction 
After Instruction WREG = 2 
TO = 1 t C = ? 
PD = 0 ; 
After Instruction 
t If WDT causes wake-up, this bit is cleared WREG = 
. C = 1 ;resultis zero 
Z = 
Example 3: 
Before Instruction 
WREG = 3 
C = ? 
After Instruction 
WREG = _ FF ; (2’s complement) 
Cc = 0 ; result is negative 
Zz  .4 
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SUBWF - Subtract WREG from f 
Syntax { label] SUBWF f,d 
Operands O0<f<255 
de [0,1] 
Operation: (f) — (W) > (dest) 
Status Affected: OV,C,DC,Z 
Encoding: 
Description: Subtract WREG from register ‘f' (2’s 
complement method). If ‘d' is 0 the 
result is stored in WREG. If 'd' is 1 the 
result is stored back in register ‘f'. 
Words 1 
Cycles: 1 
Example 1: SUBWF REG1, 1 
Before Instruction 
REG1 = 3 
WREG = 2 
Cc = ? 
After Instruction 
REG1 = 1 
WREG = 2 
Cc = 1 ; result is positive 
Z = 4 
Example 2: 
Before Instruction 
REGi = 2 
WREG = 2 
Cc = ? 
After Instruction 
REG1 = O 
WREG = 2 
C = 1 : result is zero 
Z = 0 
Example 3: 
Before Instruction 
REGi = 1 
WREG = 2 
C = ? 
After Instruction 
REG1 = FF 
WREG = 2 
C = 0 ; result is negative 
Z = 1 


SUBWFB 


Syntax: 
Operands: 


Operation: 
Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example 1: 


' Subtract WREG from f with . 
Borrow | 


[ label] SUBWFB f,d 


O<f< 255 
de [0,1] 


(f) — (W) — © > (dest) 
OV, C, DC, Z 


Subtract WREG and the carry flag 


(borrow)from register ‘f' (2’s comple- 
ment method). If ‘d' is 0 the result is 
stored in WREG. If ‘d’ is 1 the result is 
stored back in register ‘f'. 


1 
1 
SUBWFB REG1, 1 


Before Instruction 


REG1 
WREG 
Cc 


0x19 (0001 1001) 
OxOD (0000 1101) 
1 


After instruction 


REG1 
WREG 
Cc 

Z 


Examplee: 


0x0B (0000 1011) 
0x0D (0000 1101) 

1 ; result is positive 
1 


SUBWFB REG1,0 


Before Instruction 


REG1 
WREG 
Cc 


Ox1B (0001 1011) 
Ox1A (0001 1010) 
1 


After Instruction 


REG1 
WREG 
Cc 

Z 


Examples: 


=  Ox1B (0001 1011) 
0x00 
1 ; result is zero 
0 


SUBWFB REGI1,1 


Before Instruction 


REG1 
WREG 
Cc 


0x03. (0000 0011) 
OxOE (0000 1101) 
rf 


After Instruction 


REG1 
WREG 
Cc 

Z 


OxF4 (1111 0100) [2’s comp] 
Ox0E (0000 1101) 

0 ; result is negative 

1 
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SWAPF 
Syntax: 
Operands: 


Operation: 


Status Affected: 
Encoding: 
Description: 


Words: 
Cycles: 
Example: 


Swap f 
{ label] SWAPF f,d 


0<f<255 

de [0,1] 

f<3:0> > dest<7:4>; 
f<7:4> > dest<3:0> 


None 


0001 | 110d | frre: | Eee 


The upper and lower nibbles of register 
‘f' are exchanged. If ‘d’ is 0 the result is 
placed in WREG. If ‘d’ is 1 the result is 
placed in register ‘f’. 

1 

1 


SWAPF REG, 0 


Before Instruction 


REG 


= 0x53 


After Instruction 


REG 


= 0x35 


TABLRD Table Read 
Syntax: [/abe!] TABLRD tif 
Operands: O<f<255 
ie [0,1] 
te [0,1] 
Operation: lft=1, 
TBLATH — f; 
ift =O, 
TBLATL = f; 
Prog Mem (TBLPTR) —> TBLAT; 
ifi= 1, 
TBLPTR + 1 — TBLPTR 
Status Affected: None 
Description: 1. A byte of the table latch (TBLAT) 
is moved to register file ‘f’. 
if t = 0: the high byte is moved; 
if t = 1: the low byte is moved 
2. Thenthe contents of the program 
memory location pointed to by 
the 16-bit Table Pointer 
(TBLPTR) is loaded into the 16- 
bit Table Latch (TBLAT). 
3. ifi=1: TBLPTR is incremented; 
ifi=0: TBLPTR is not 
incremented 
Words: 1 
Cycles: 2 (3 cycle if f = PC) 
Example1: TABLRD 1, 1, REG ; 
Before Instruction 
REG = 0x53 
TBLATH = OxAA 
TBLATL = 0x55 
TBLPTR =  QxA356 
MEMORY(TBLPTR) =  0x1234 
After Instruction (table write completion) 
REG =  OxAA 
TBLATH = OQx1l2 
TBLATL = 0x34 
TBLPTR = QxA357 
MEMORY (TBLPTR) =  0x5678 
Example2: TABLRD 0, 0, REG ; 
Before Instruction 
REG = Qx53 
TBLATH =  OxAA 
TBLATL = 0x55 
TBLPTR =  OQxA356 
MEMORY (TBLPTR) = 0x1234 
After Instruction (table write completion) 
REG = 0x55 
TBLATH = 0x12 
TBLATL = 0x34 
TBLPTR =  OxA356 
MEMORY (TBLPTR) = 0x1234 
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TABLWT Table Write TABLWT (Cont.) Table Write 
Syntax: [ label] TABLWT t,i,f Example1: TABLWT 0,:°1, REG 
Operands: 0<f<255 Before Instruction 
ie [0,1] REG = 0x53 
te [0,1] TBLATH =  OxAA 
: TBLATL — = 0x55 
Operation: lft=0, TBLPTR =  OxA356 
_ f TBLATL,; MEMORY(TBLPTR) =  OxFFFF 
a a TBLATH: After Instruction (table write completion) 
‘ REG = 0x53 
~ TBLAT — Prog Mem (TBLPTR); TBLATH = 0x53 
i=, -TBLATL = 0x55 
TBLPTR + 1 —> TBLPTR TBLPTR =  0xA357 
Status Affected: None MEMORY(TBLPTR) = 0x5355 
Description: 1. Load value in 'f’ into 16-bit table Before Instruction 
latch (TBLAT) REG = 0x53 
if t = 0: load into low byte; TBLATH =  OxAA 
if t = 1: load into high byte Lope = ea ee 
2. Thecontents of TBLAT is written MEMORY(TBLPTR) = OXFEFF 


to the program memory location 
pointed to by TBLPTR 


After Instruction (table write completion) 


lf TBLPTR points to external REG = 0x53 
program memory location, then TBLATH = OxAA 
the instruction takes two cycles. TBLATL = 0x53 
lf TBLPTR points to an internal TBLPTR =  OxA356 
EPROM location, then the MEMORY(TBLPTR) =  QxAA53 


instruction is terminated when 
an interrupt is received. 


Program 
Memory 





3. The TBLPTR can be automati- 
cally incremented 
ifi=0; TBLPTR is not 
incremented 
ifi=0; TBLPTR is incremented 





Words: 1 
Cycles: 


2 (many if write is to on-chip 
EPROM program memory) 
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TLRD Table Latch Read 
Syntax: { label] TLRD t,f 
Operands: 0<f<255 
te [0,1] 
Operation: lft=0, 
TBLATL — f; 
ift=1, 
TBLATH > f 
Status Affected: None 
Description: Read data from 16-bit table latch 
(TBLAT) into file register ‘f'. Table Latch 
is unaffected. 
If t= 1; high byte is read 
if t = 0; low byte is read 
This instruction is used in conjunction 
with TABLRD to transfer data from pro- 
gram memory to data memory. 
Words: 1 
Cycles: 1 
Example: TLRD t, RAM 
Before Instruction 
t = 0 
RAM = ? 
TBLAT = OxOOAF (TBLATH = 0x00) 
(TBLATL = OxAF) 
After Instruction 
RAM =  OxAF 
TBLAT = OxXOOAF (TBLATH = 0x00) 
(TBLATL = OxAF) 
Before Instruction 
t = 1 
RAM = ? 
TBLAT = OxXOOAF (TBLATH = 0x00) 
(TBLATL = OxAF) 
After Instruction 
RAM = 0x00 
TBLAT = OxXOOAF (TBLATH = 0x00) 


Program 
Memory 


(TBLATL = OxAF) 


TBLPTR 


15 8:7 





TLWT Table Latch Write 
Syntax: [label] TLWT t,f 
Operands: 0<f<255 
te [0,1] 
Operation: If t = 0, 
f > TBLATL; 
ift = 1, 
f — TBLATH 
Status Affected: None 
Description: Data from file register ‘f' is written into 
the 16-bit table latch (TBLAT). 
lf t= 1; high byte is written 
if t = 0; low byte is written 
This instruction is used in conjunction 
with TABLWT to transfer data from data 
memory to program memory. 
Words: 1 
Cycles: 1 
Example: TLWT t, RAM 
Before Instruction 
t = 0 
RAM = OxB7 
TBLAT = 0x0000 (TBLATH = 0x00) 
(TBLATL = 0x00) 
After Instruction 
RAM =  0xB7 
TBLAT = Ox00B7 (TBLATH = 0x00) 
(TBLATL = 0xB7) 
Before Instruction 
t = 1 
RAM =  0xB7 
TBLAT = 0x0000 (TBLATH = 0x00) 
(TBLATL = 0x00) 
After Instruction 
RAM =  OxB7 
TBLAT = OxB700 (TBLATH = 0xB7) 


(TBLATL = 0x00) 


SN AT I ILE IIT TT ESTE IT NS STEM TEE EA I STIS EDI I LTO S EA I LL I EPI LI SEA PEE SOIT ATS ETE TS NE FI I SEE I I ET TET 
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TSTFSZ Test f, skip if 0 
Syntax: _ [label] TSTFSZ f 
Operands: O<f<255 
Operation: skip if f = 0 


Status Affected: None 


Encoding: ffft | ££ff 
Description: If ‘f' = 0, the next instruction, fetched 
during the current instruction execution, 
is discarded and an NOP is executed 
making this a two-cycle instruction. 
Words: 1 
Cycles: 1 (2) 
Example: HERE TSTFSZ CNT 
NZERO 
ZERO 


Before Instruction 
PC = Address(HERE) 


After Instruction 


if CNT = 0x00, 

PC = Address (ZERO) 
if CNT # 0x00, 

PC = Address (NZERO) 


XORLW Exclusive OR Literal with | 





WREG 
Syntax: [ label] XORLW k 
Operands: 0<k<255 
Operation: (WREG) .XOR. k > (WREG) 


Status Affected: Z 


Description: The contents of WREG are XOR’ed 
| with the eight bit literal 'k'. The resuit is 
placed in WREG. . 
Words: 1 
Cycles: 1 
Example: XORLW OxAF 
Before Instruction 
WREG =  OxB5 
After Instruction 
WREG = OXIA 
XORWF Exclusive OR WREG with f 
Syntax: [ label] XORWF fd 
Operands: 0<f<255 
de [0,1] 
Operation: . (WREG) .XOR. (f) — (dest) 


Status Affected: Z 


Description: Exclusive OR the contents of WREG 
with register ‘f'. If ‘d' is O the result is 
stored in WREG. If 'd' is 1 the result is 
stored back in the register ‘'. 

Words: 1 

Cycles: 1 

Example: XORWF REG, 1 

Before Instruction 
REG =  OxAF 
WREG =~  OxB5 
After Instruction 
REG =  OxiA 
WREG = _  OxB5 
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16.0 DEVELOPMENT SUPPORT 


16.1 Development Tools 


The PIC16/17 microcontrollers are supported with a full 

range of hardware and software development tools: 

PICMASTER® Real-Time In-Circuit Emulator 

¢ PRO MATE™ Universal Programmer 

¢ PICSTART® Low-Cost Prototype Programmer 

e PICDEM-1 Low-Cost Demonstration Board 

« PICDEM-2 Low-Cost Demonstration Board 

¢ MPASM Assembler 

¢ MPSIM Software Simulator 

¢ C Compiler (MP-C) 

e Fuzzy logic development system 
(fuzzyTECH®-MP) 


16.2 PICMASTER: High Performance 
niversal In-Circuit Emulator 


The PICMASTER Universal In-Circuit Emulator is 
intended to provide the product development engineer 
with a complete microcontroller design tool set for all 
microcontrollers in the PIC16C5X, PIC16CXX and 
PIC17CXX families. A PICMASTER System configura- 
tion is shown in Figure 16-1. 


interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new PIC16C5X, 
PIC16CXX and PIC17CXX microcontrollers. 


The Emulator System is designed to operate on PC 
compatible 386 (and better) machines in the Microsoft 
Windows™ 3.x environment. Thus, allowing the opera- 
tor access to a wide range of supporting software and 
accessories. 


The PICMASTER has been designed as a real-time 
emulation system with advanced features that are gen- 
erally found on more expensive development tools. The 
AT platform and Windows 3.x environment was chosen 
to best make these features available to you, the end 
user. 


The PICMASTER Universal Emulator System consists 
primarily of four major components: 


¢ Host-Interface Card 

e¢ Emulator Control Pod 

¢ Target-Specific Emulator Probe 

¢ PC-Host Emulation Control Software 


The Windows 3.x operating system allows the devel- 
oper to take full advantage of the many powerful fea- 
tures and functions of the PICMASTER system. 


PICMASTER emulation can operate in one window, 
while a text editor is running in a second window. 


PC-Host Emulation Control software takes full advan- 
tage of Dynamic Data Exchange (DDE), a feature of 
Windows 3.x. DDE allows data to be dynamically trans- 
ferred between two or more Windows programs. With 
this feature, data collected with PICMASTER can be 
automatically transferred to a spreadsheet or database 
program for further analysis. 


Under Windows 3.x, two or more PICMASTER emula- 
tors can be run simultaneously from the same PC mak- 
ing development of multi-microcontroller systems 
possible (6.g., a system containing a PIC16CXX pro- 
cessor and a PIC17CXX processor). 


The PICMASTER probes specifications are shown in 
Table 16-1. 


FIGURE 16-1: PICMASTER SYSTEM CONFIGURATION 





r-Line 
Power Supply 
(Optional) 


Interchangeable 
Emulator Probe 


Common Interface Card 
PC Compatible Computer 


Logic Probes 
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TABLE 16-1: _PICMASTER PROBE SPECIFICATION wt ¥ a 


Maximum Operating 
_ Frequency — Voltage 


Devices Supported 






PICMASTER Probe 


PROBE-16B PIC16C71 4.5V -5.5V 


* PROBE-16F indirectly supports the PIC16C65. 


PROBE-16C PIC16C84 10 MHz 4.5V -5.5V 


PROBE-16D PIC16C54, PIC16C54A, PIC16CR54, PIC16C55, 4.5V -5.5V 
PIC16C56, PIC16C57, PIC16CR57A, PIC16C58A, and 
PIC16CR58A 
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16.3 PRO MATE: Universal Programmer 


The PRO MATE Universal Programmer is a full-fea- 
tured programmer capable of operating in stand-alone 
mode as well as PC-hosted mode. 


The PRO MATE has programmable VoD and VPP sup- 
plies which allows it to verify programmed memory at 
VDD min and VOD max for maximum reliability. It has an 
LCD display for displaying error messages, keys to 
enter commands and a modular detachable socket 
assembly to support various package types. In stand- 
alone mode the PRO MATE can read, verify or program 
PIC16C5X, PIC16CXX and PIC17CXX devices. It can 
also set fuse configuration and code-protect bits in this 
mode. 


In PC-hosted mode, the PRO MATE connects to the PC 
via one of the COM (RS-232) ports. PC based user- 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. Full screen display and editing of data, 
easy selection of fuse configuration and part type, easy 
selection of VDD min, VDD max and VPP levels, load and 
store to and from disk files (Intel® hex format) are some 
of the features of the software. Essential commands 
such as read, verify, program and blank check can be 
issued from the screen. Additionally, serial program- 
ming support is possible where each part is pro- 
grammed with a different serial number, sequential or 
random. 


The PRO MATE has a modular “programming socket 
module”. Different socket modules are required for dif- 
ferent processor types and/or package types. 


PRO MATE supports all PIC16C5X, PIC16CXX an 
PIC17CXX processors. | | 


16.4 PICSTART Low-Cost Development 
System 


The PICSTART programmer is an easy to use, very 
low-cost prototype programmer. It connects to the PC 
via one of the COM (RS-232) ports. A PC-based user 
interface software makes using the programmer simple 
and efficient. The user interface is full-screen and 
menu-based. PICSTART is not recommended for pro- 
duction programming. 


16.5 PICDEM-1 Low-Cost PIC16/17 
Demonstration Board 


The PICDEM-1 is a simple board which demonstrates 
the capabilities of several of Microchip’s microcontrol- 
lers. The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84, PIC17C42, PIC17C43 and 
PIC17C44. All necessary hardware and software is 
included to run basic demo programs. The users can 
program the sample microcontrollers provided with 
the PICDEM-1 board, on a PRO MATE or PIC- 
START-16B programmer, and easily test firmware. 
The user can also connect the PICDEM-1 board to 
the PICMASTER emulator and download the firm- 
ware to the emulator for testing. Additional prototype 
area is available for the user to build some additional 
hardware and connect it to the microcontroller 
socket(s). Some of the features include an RS-232 
interface, a potentiometer for simulated analog input, 
push-button switches and eight LEDs connected to 
PORTB. 


16.6 PICDEM-2 Low-Cost PIC16CXX 
Demonstration Board 


The PICDEM-2 is a simple demonstration board that 
supports the PIC16C64, PIC16C65, PIC16C73 and 
P1IC16C74 microcontrollers. All the necessary hard- 
ware and software is included to run the basic 
demonstration programs. The user can program 
the sample microcontrollers provided with the PIC- 
DEM-2 board, on a PRO MATE programmer or PIC- 
START-16C, and easily test firmware. The 
PICMASTER emulator may also be used with the PIC- 
DEM-2 board to test firmware. Additional prototype 
area has been provided to the user for adding addi- 
tional hardware and connecting it to the microconiroller 
socket(s). Some of the features include a RS-232 inter- 
face, push-button switches, a potentiometer for simu- 
lated analog input, a Serial EEPROM to demonstrate 
usage of the I?C bus and separate headers for connec- 
tion to an LCD module and a keypad. 
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16.7 Assembier (MPASM) 


The MPASM Cross Assembler is a PC-hosted symbolic 
assembler. It supports all microcontroller series includ- 
ing the PIC16C5X, PIC16CXX, and PIC17CXX fami- 
lies. , | | 

MPASM offers full featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from 
the Microchip Universal Emulator System 
(PICMASTER). 


MPASM has the following features to assist in develop- 

ing software for specific use applications. 

e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 

¢ Macro assembly capability 

Produces all the files (Object, Listing, Symbol, 


and special) required for symbolic debug with 
Microchip’s emulator systems. 


Supports Hex (default), Decimal and Octal source 
and listing formats. 


MPASM provides a full feature directive language rep- 
resented by four basic classes of directives: 


¢ Data Directives are those that control the alloca- 
tion of memory and provide a way to refer to data 
items symbolically, i.e., by meaningful names. 

¢ Listing Directives control the MPASM listing dis- 
play. They allow the specification of titles and sub- 
titles, page ejects and other listing control. 

¢ Control Directives permit sections of condition- 
ally assembled code. 

e Macro Directives control the execution and data. 
allocation within macro body definitions. 


16.8 Software Simulator (MPSIM) 


The MPSIM Software Simulator allows code develop- 
ment in a PC host environment. It allows the user to 
simulate the PIC16/17 series microcontrollers on an 
instruction level. On any given instruction, the user may 
examine or modify any of the data areas or provide 
external stimulus to any of the pins. The input/output 


TABLE 16-2: DEVELOPMENT SYSTEM PACKAGES 

















1. | PICMASTER System PICMASTER In-Circuit Emulator, PRO MATE Programmer, Assembler, Soft- 
ware Simulator, Samples and your choice of Target Probe. 
PICSTART System | PICSTART Low-Cost Prototype Programmer, Assembler, Software Simulator 
and Samples. 
3. | PRO MATE System PRO MATE Universal Programmer, full featured stand-alone or PC-hosted pro- 
grammer, Assembler, Simulator 


radix can be set by the user and the execution can be 
performed in; single step, execute until break, or in a 
trace mode. MPSIM fully supports symbolic debugging 
using MP-C and MPASM. The Software Simulator 
offers the low cost flexibility to develop and debug code 
outside of the laboratory environment making it an 
excellent multi-project software development tool. 


16.9 C Compiler (MP-C) 


The MP-C Code Development System is a complete 'C' 
compiler and integrated development environment for 
Microchip’s PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display 
(emulator software versions 1.13 and later). 


The MP-C Code Development System is supplied 
directly by Byte Craft Limited of Waterloo, Ontario, Can- 
ada. If you have any questions, please contact your 
regional Microchip FAE or Microchip technical support 
personnel at (602) 786-7627. 


16.10 Fuzzy Logic Development System 
(fuzzyTECH-MP) 


fuzzyTECH-MP fuzzy logic development tool is avail- 
able in two versions - a low cost introductory version, 
MP Explorer, for designers to. gain a comprehensive 
working knowledge of fuzzy logic system design;. and 
a full-featured version, fuzzyTECH-MP Edition, ‘for 
implementing more complex systems. 


Both versions include Microchip’s fuzzy_LAB™ demon- 
stration board for hands-on experience with fuzzy logic 
systems implementation. | 


16.11 Development Systems 


For convenience, the development tools are packaged 
into comprehensive systems as listed in Table 16-2. 
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17.0 PIC17C42 ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings t 


Ambient temperature Under Dias. ............. ce cccsscceccsssscecssececessnseeceesnecesessnececeneeseessueeeecessaneeseseseesaeeeesseseseens -55 to +125°C 
SIOTAGS TSIM OMA Sebastes iG Acne ss sceen dade wesc sy el hook wad cuca dededeesuaneceuaseee nasa agiusenewoa eeu -65°C to +150°C 
Vollage On VOD With TeSPeCl tO: VSS - aaccscecccs cs ieeeeesns iecguissee ans sceuccceueasveatuedbcauanceeededsJdieesneeussleecens¥evebadecseetvedeuess 0 to +7.5V 
Voltage on MCLR with respect to VSS (Note 2) ...ccccccccscccsscsscsssscsssescsesceusecsscsscsassessessecaecasscseseeeeseecaceas -0.6V to +14V 
Voltage on RA2 and RAS with respect to VSS...........cceccssssssssecssssceecssecesseeesseeessssecesssaessnsaecsecsesaeeesnseceeees -0.6V to +12V 
Voltage on all other pins with respect to VSS 20.0... ee ceececesscssececeececssecsecseessessnececeseensaseesusaesseteeecses -0.6V to VDD + 0.6V 
Total’ POWGF GISSIDALION (NOG 1). essis. dence lensevaeasana sos eenscaivaedgabadouteaccceuscctheg i aadexat apa woieasu a eusounisdeclashsnateddanassuaaieueniens 1.0W 
Maximum current out of VSS pin(S) - Total 0.00... cceessscecsscssseccesesescsuseeesesescssaeceecesesecanecessasccerseccsneesesescussaueesense 250 mA 
Maximum current into VDD Pin(S) - Total ..............ccceccsssssscecessssseeseececesessesetesceseuseececesecsausucesceeseesecsagaescssenecesseuaness 200 mA 
Input-clamp current; NIK (VI <0 OF Vis VDD) scsiecesccesseicz eivacccsnes sacs osacsscnshctcatdscdegeuvsecssscatebessdessecsdes¥sicestestevessated dasdacgaevacatvcs +20 mA 
Output clamp current, IOK (VO < 0 OF VO >VDD) uu... ecessescssssssesssssccsssssscessscessssccseesessscsscesscsecscensvssssessesscsescsesssssssecesensous +20 mA 
Maximum output current sunk by any I/O pin (except RA2 and RAS) ..............ccsccsssecesssssssccescssesseesecsseeeeeeeseseseeuaes 35 mA 
Maximum output current sunk by RA2 or RAS Pins ..........ccccccscccccecessssesececsescsececsesssesesscsscecsesesuesasstsesucatssescacacsesaeees 60 mA 
Maximum output current sourced by any I/O pin 0.00... ecececesssssecscesseseeeeesacssaecnscesesceceeeseseeseueeseeeerseususcsensanes 20 mA 
Maximum current sunk by PORTA and PORTB (Combined)................cccsssssececessnstececsccescncecsssecseecesseeseecsseecssneeseess 150 mA 
Maximum current sourced by PORTA and PORTB (combined) .................ccsccsecesssscceceesscnseecaeeseessecesseenseuesuueeeneees 100 mA 
Maximum current sunk by PORTC, PORTD and PORTE (combined) ..............c.ssssceccceesscsssssuccsteucecesesensenssaseesaeees 150 mA 
Maximum current sourced by PORTC, PORTD and PORTE (Combined) ..............:ccccccccssesessecseesceeesssensescseseeenenes 100 mA 


Note 1: Power dissipation is calculated as follows: Pdis = VDD x {IDD - © IOH} + & {(VDD-Vok) x IOH} + X(VOL x IOL) 


Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a “low" level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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TABLE 17-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


2 a. ees 17C42-16 10H 


'Vop:4.5Vto55V...~2.:~° COS 4.5V to 5.5V 'Vop:45Vto55V 4.5V to 5.5V 
IDD: 6 mA max. IDD: 6 mA max. 

IPD: 5 uA max. at 5.5V (WDT disabled) IPD: 5 uA max. at 5.5V (WDT disabled) 
Freq: 4 MHz max. Freq: 4 MHz max. 


Vob: 4.5V to 5.5V Vop: 4.5V to 5.5V 
IDD: 24 mA max. IDD: 38 mA max. 

IPD: 5 uA max. at 5.5V (WDT disabled) IPD: 5 uA max. at 5.5V (WDT disabled) 
| Freq: 16 MHz max. Freq: 25 MHz max. 


Vop: 4.5V to 5.5V Vobop: 4.5V to 5.5V 
IDD: 24 mA max. IDD: 38 mA max. 
IPD: 5 pA max. at 5.5V (WDT disabled) IPD: 5 pAmax. at 5.5V (WDT disabled) 
Freq: 16 MHz Freq: 25 MHz max. 
Vpp: 4.5V to 5.5V Vpp: 4.5V to 5.5V 
IDD: 150 nA max. at 32 kHz (WDT enabled) IDD: 150 pA max. at 32 kHz (WDT enabled) 
IPD: 5 wA max. at 5.5V (WDT disabled) IPD: 5 uA max. at 5.5V (WDT disabled) 
Freq: 2 MHz max. Freq: 2 MHz max 
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17.1. DC CHARACTERISTICS: PIC17C42-16 (Commercial, Industrial) 
PIC17C42-25 (Commercial, Industrial) 






Standard Operating Conditions (unless otherwise stated) 

Operating temperature 

DC CHARACTERISTICS -40°C <TA<-+85°C for industrial and 
0°C < TA < +70°C for commercial 

Operating voltage VDD = 4.5V to 5.5V 


2 
No. Characteristic Conditions 


Supply Voltage 


VpDR_ | RAM Data Retention ts | = . . | in Sais hE slg mode 
Voltage (Note 1) 
DO03 VPOR | VDD start voltage to Vss See section on Power-On Reset for 
guarantee details 
Power-On Reset 
VDD rise rate to =P mV/ms | See section on Power-On Reset for 
details 































guarantee 
Power-On Reset 















Supply Current mA_ | Fosc = 4 MHz (Note 4) 
(Note 2) ie * | mA_ | Fosc = 8 MHz 
i 24* | mA_ | Fosc = 16 MHz 
i 38 aA Fosc = 25 MHz 
150 Fosc = 32 kHz 


WDT enabled (EC osc configuration) 


D020 Power Down Current 10 wA | VoD =5.5V, WDT enabled 

D021 (Note 3) <1 wA | VDD =5.5V, WDT disabled 
These parameters are characterized but not tested. 

Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as I/O pin 
loading and switching rate, oscillator type, intemal code execution pattem, and temperature also have an 
impact on the current consumption. 

The test conditions for all IDD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all 1/O pins tristated, pulled to VoD or Vss, TOCK! = Vpp, 
MCLR = Vpp; WDT enabled/disabled as specified. 

Current consumed from the oscillator and |/O’s driving external capacitive or resistive loads need to be con- 
sidered. 

For the RC oscillator, the current through the external pull-up resistor (R) can be estimated as: VDD / (2 e R). 
For capacitive loads, The current can be estimated (for an individual !/O pin) as (Q. e VDD) ef 

CL = Total capacitive load on the I/O pin; f = average frequency on the I/O pin switches. 

The capacitive currents are most significant when the device is configured for external execution (includes 
extended microcontroller mode). 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, all I/O pins in hi-impedance state and tied to VDD or Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti- 
mated by the formula IR = VoD/2Rext (mA) with Rext in kOhm. 


© 1995 Microchip Technology Inc. DS30412A-page 2-963 





PIC17C4X _ 





17.2 


DC CHARACTERISTICS: PIC17C42-16 (Commercial, Industrial) 
te eg ik PIC17C42-25 (Commercial, industrial) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature 


DC CHARACTERISTICS | a -40°C < TA< +85°C for industrial and 


0°C <TAS+70°C for commercial 
Operating voltage VDD range as described in Section 17.1 


Parameter =a | | 
No. Characteristic Typt 5 Conditions 





Input Low Voltage 
/O ports 
with TTL buffer | 
with Schmitt Trigger buffer 


MCLR, OSC1 (in EC and RC 
mode) 
OSC1 (in XT, and LF mode) 
Input High Voltage 
I/O ports 

with TTL buffer 

with Schmitt Trigger buffer 
MCLR © | 
OSC1 (XT, and LF mode) 


VuHYS |Hysteresis of 0.15 VDD 
Schmitt Trigger inputs 


Input Leakage Current | | 
(Notes 2, 3) z 
I/O ports (except RA2, RA3) ie Vss < VPIN < VDD, 
. /O Pin at hi-impedance 
| PORTB weak pull-ups disabled 
+3 VPIN = Vss or VPIN = VDD 
e | Vss < VRA2, VRAS < 12V 
Vss < VPIN < VDD 
VMCLR = VPP = 12V 
| (when not programming) 


IPURB |PORTB weak pull-up current 


These parameters are characterized but not tested. 

Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 

These parameters are for design guidance only and are not tested, nor characterized. 

Pte guidance to attain the AC timing specifications. These loads are not tested. 

In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the 
PIC17CXX devices be driven with extemal clock in RC mode. 

The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 
Negative current is defined as coming out of the pin. 

These specifications are for the programming of the on-chip program memory EPROM through the use of the 
table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

The MCLR/Vpp pin may be kept in this range at times other than programming, but this is not recommended. 
For TTL buffers, the better of the two specifications may be used. 
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Standard Operating Conditions (unless otherwise stated) 
Operating temperature 

DC CHARACTERISTICS -40°C < TA <-+85°C for industrial and 

0°C <TA<+70°C for commercial 


Operating voltage VDD range as described in Section 17.1 


Parameter 
No. Characteristic Typt : Conditions 


Output Low Voltage 





















































































































D080 VoL {I/O ports (except RA2 and RA3 loL=4mA 
D081 with TTL buffer lol = 6 mA, VbD = 4.5V 
Note 6 
D082 RA2 and RA3 loL = 60.0 mA, VDD = 5.5V 
D083 OSC2/CLKOUT loL = 2mA, VOD = 4.5V 
(RC and EC osc modes) 
Output High Voltage (Note 3) 
D090 VOH IOH = -2 MA 
DO91 with TTL buffer IOH = -6.0 mA, VDD = 4.5V 
Note 6 
D092 RA2 and RA3 Pulled-up to extemally applied 
voltage 
D093 OSC2/CLKOUT lOH = -5 mA, VOD = 4.5V 
(RC and EC osc modes) 
Capacitive Loading Specs 
on Output Pins 
D100 Cosc2|OSC2 pin In EC or RC osc modes when 
OSC2 pin is outputting 
CLKOUT. 
extemal clock is used to drive 
OSC1. 
D101 Cio_—«| All I/O pins and OSC2 50 tt | pF 
(in RC mode) 
D102 CaD_ |System Interface Bus In Microprocessor or 


(PORTC, PORTD and PORTE) 
Internal Program Memory 
Programming Specs (Note 4) 


Voltage on MCLR/Ver pin 
Supply voltage during program 
ming 

Current into MCLR/Vpp pin 
Supply current during program- 
ming 

TPROG| Programming pulse width 


Extended Microcontroller mode 






Terminated via intemal/external 
interrupt or a reset 





5.0 
25 
100 


These parameters are characterized but not tested. 


T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Bg These parameters are for design guidance only and are not tested, nor characterized. 


tt | Design guidance to attain the AC timing specifications. These loads are not tested. 
Note 1: In RC oscillator configuration, the OSC1 pin is a Schmitt trigger input. It is not recommended that the 
PIC17CXX devices be driven with extemal clock in RC mode. 

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

3: Negative current is defined as coming out of the pin. 

4: These specifications are for the programming of the on-chip program memory EPROM through the use of the 
table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

5: The MCLR/Vpp pin may be kept in this range at times other than programming, but this is not recommended. 

6: For TTL buffers, the better of the two specifications may be used. 
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17.3 Timing Pa rameter Symbology 


The timing parameter symbols have been created using one of the following formats: 


1. TppS2ppS 
2. TppsS 


Lowercase symbols (pp) and their meanings: 





Address/Data Oscillator Start-Up Timer 
ALE Power-Up Timer 
Capture1 and Capture2 PORTB 

CLKOUT or clock RD 


Data in | RD or WR 

INT pin : TOCKI 

/O port TCLK12 and TCLK3 
MCLR Watchdog Timer 
OE | WR 





Uppercase symbols and their meanings: 


Driven Low 
Edge Period 


Fall | Rise 
High | Valid 
Invalid (Hi-impedance) High Impedance 
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FIGURE 17-1: PARAMETER MEASUREMENT INFORMATION 


All timings are measure between high and low measurement points as indicated in the figures below. 


INPUT LEVEL CONDITIONS 
PORTC, D and E pins 


VIH = 2.4V 


Data in valid 


+>, + 
All other input pins Data in invalid 


VIH = 0.9 Vob 
ee 
' Data in valid Of 
i 
Data in invalid 


OUTPUT LEVEL CONDITIONS 









VOoH = 0.7 VoD on 
Vop/2 {V.2oV_ V_. 
VoL = 0.3 Vop aad 






} mie +" p0.25V 
“Hata out valid. | 
a arate 
i “driv 
Data out invalid + Output ; are 
hi-impedance 


y, 0.9 VoD 
0.1 Vop-A L\ 


+> “—@- Rise Time —- “t Fall Time 


LOAD CONDITIONS 
Load Condition 1 Load Condition 2 
Vpp/2 
Re | 
Pin 
Pin | CL T CL 
Vss Vss 
Ri = 464 


50 <CL < 100pF 
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17.4 Timing Diagrams an ification 
FIGURE 17-2: EXTERNAL CLOCK TIMING 


{— ee ee ee 


$$ 2 


OSC2 t 


t In EC and RC modes only. 





TABLE 17-2: EXTERNAL CLOCK TIMING REQUIREMENTS 


Parameter 
| No. | __—Characteristic | Tyet | | Max | Conditions 
| Fosc |External CLKIN Frequency _— Frequency | MHz |EC ose mode - PICT7C42-16 | 
(Note 1) MHz - PIC17042-25 


Oscillator Frequency MHz | RC osc mode 

(Note 1) : MHz | XT ose mode - PIC17C 42-16 
MHz - PIC17C-42-25 
MHz | LF osc mode 


Tosc | External CLKIN Period Pais osc mode - PIC17C42-16 
(Note 1) - PIC17C42-25 























Oscillator Period . fo | = ie | osc mode 
(Note 1) a 5 1 000 XT osc mode - PIC17C-42-16 
1,000 - PIC17C42-25 

LF osc mode 


5a aration ie Tine ete | veo | Wrens [Be pe | 


: = Clock in (OSC 1) High or Low Time 10¢ EC oscillator 
TosH 

a Clock in (OSC1) Rise or Fall Time in ek Ge ee EC oscillator 
TosF 


Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
t These parameters are for design guidance only and are not tested, nor characterized. . 

. Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time-base period. All specified values are based on 
characterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in unstable oscillator operation and/or higher than expected current consump- 
tion. All devices are tested to operate at "min." values with an external clock applied to the OSC1 pin. 
When an external clock input is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 17-3: CLKOUT AND I/OTIMING 


ae, 14 ; 


wee LLL LLL 


17 — a re 


i/O Pin 


(output) new value 


old value 


4 
t 
‘ 
1 
1 


t In EC and RC modes only. 





TABLE 17-3: CLKOUT AND /OTIMING REQUIREMENTS 


Parameter 
No Characteristic 


1 TosH2ckL |OSC1T to CLKOUTL 
1 

| 

18ers 

1 

1 

1 














= 
i © } 
— 


30 + 
30 ¢ 
15:2 
15¢ 

0.5 Tcy+20¢ 


Note 1 

















2 
3 
4 


TosH2ckH |OSC1T to CLKOUTT 
CLKOUT rise time 
TcokF CLKOUT fall time 


| ns 
aS 
zs Note 1 
| ns | Note 1 
ne Noe 
OS Tort? ce 
ne [ Note 
i003 | re 
a4 [ne 
ns 
| ns | 


35 + 


TosHaOV 
2 
22 [Toil 


23 TroHL RB<7:0> change INT high or low time 


i These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
t These parameters are for design guidance only and are not tested, nor characterized. 
Note 1: Measurements are taken in EC Mode where OSC2 output is 4 x Tosc. 


0 
1 
6 
7 
1 


roo) 

+ 
awh, [ wok ak | cok 
o1|o OO wml an 
++] ++ aad ag oes 


25 * 
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FIGURE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 
| TIMER TIMING oe | | 


Internal 
POR 


PWRT 
Time-out 


OSC 
Time-out 


Internal 
RESET 


Watchdog 
Timer 


2 ee eee. 


Address / . ¢ | = 
Data — 


TABLE 17-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


TIMER REQUIREMENTS , | 
No. — | | 
[0 | treat |wetRrasewanfow wo] — | —[w) 
31 Twdt | Watchdog Timer Timeout Period 
. (Prescale=1) . 


Oscillation Start-Up Timer Period | | 1024Tosc§] ——|_ms_| Tosc = OSC1 period 
29 | Tow |PowerUpTinerPored | a0" | 06 [ 2007 | me | 


TmcL2adi | MCLR to System Interface bus 
(AD<15:0>) invalid 


These parameters are characterized but not tested. | 

Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 7 | . 

These parameters are for design guidance only and are not tested, nor characterized. 

This specification guaranteed by design. 














QO? ++ + * 
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FIGURE 17-5: TIMERO CLOCK TIMINGS 


RA1/TOCKI 2 ee 2 ee 


a —— 40 ——e) = 41 + | 


42. ———-—_____» 





TABLE 17-5: TIMERO CLOCK REQUIREMENTS 


PNNo | Sym|charecteiste | tn_| Tt 
No. Sym | Characteristic Typt 
TtOH | TOCKI High Pulse Width [No Prescaler = [0.5 Tcv +208] — | 
eee 
TtOL | TOCKI Low Pulse Width [No Prescaler = {0.5 Tcy + 20§| — | 
ee i ee 


N 


Conditions 


N = prescale value 





























feeetiuee 
ees 
Peeler 
ood 
cohen 


(1, 2, 4, ..., 256) 
= These parameters are characterized but not tested. 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
§ This specification guaranteed by design. 


FIGURE 17-6: TIMER1, TIMER2, AND TIMER3 CLOCK TIMINGS 


TCLK12 
or 
TCLK3 





TABLE 17-6: TIMER1, TIMER2, AND TIMER3 CLOCK REQUIREMENTS 


Conditions 


Tt123H | TCLK12 and TCLK3 high time 0.5 Tcy + 20§ 
Tt123L | TCLK12 and TCLKS low time 0.5 Tcy + 20 § 
§ 


Tt123P |TCLK12 and TCLK3 input period Icy + 40 N = prescale value 
N (1, 2, 4, 8) 
TckE2tmrl| Delay from selected External Clock Edge to 2 Tosc § 
Timer increment 


These parameters are characterized but not tested. 

Tt Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

§ This specification guaranteed by design. 
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FIGURE 17-7: CAPTURE TIMINGS 






CAP1 
and CAP2 
(Capture Mode) 


TABLE 17-7: CAPTURE REQUIREMENTS 


Parameter % | 
No. Sym | Characteristic | 
52 








| 50 ~—‘| ‘TecL |Capture1 and Capture? input low time | | 10" 
2 Tey § 
N 








Capture1 and Capture2 input high time 10° 


TecP | Capture1 and Capture2 input period 


These parameters are characterized but not tested. 





* 


Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
§ This specification guaranteed by design. 


FIGURE 17-8: PWM TIMINGS 





PWM1 
and PWM2 
(PWM Mode) 


PWM1 and PWW2 output rise time 
PWM1 and PWM2 output falltine 


These parameters are characterized but not tested. 

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. . 

§ __ This specification guaranteed by design.. 
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FIGURE 17-9: SCI MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING 


RA5/TX/CK 
pin 


RA4/RX/DT 


pin 





TABLE 17-9: SERIAL PORT SYNCHRONOUS TRANSMISSION REQUIREMENTS 


Parameter 
fala tO neg [Characteristic St 


Conditions 
TekH2dtV 
Soe eae high to data out valid 
cea Clock out rise time and fall time (Master 10 
cule es 


a TdtRF Data out rise time and fall time | 10 | 35 | ns | 


Data in “Typ” column is at 5V, 25°C unless otherwise stated. a parameters are for design guidance oo and are not 
tested. 


FIGURE 17-10: SCI MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING 












RAS/TX/CK 


pin 
RA4/RX/DT 
pin 





ee ee 


Tt Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not | 
tested. 
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FIGURE 17-11: MEMORY INTERFACE WRITE TIMING 


D<15:0> +5658, addr out 





TABLE 17-11: MEMORY INTERFACE WRITE REQUIREMENTS 


Parameter 
No. Characteristic Typt 
TadV2aiL | AD<15:0> (address) valid to ALEL 0.25 0.25 Tey-30 | 
(address setup time) 
TalL2ad!| | ALEJ to address out invalid 
7 (address hold time) 
TadV2wrL_ | Data out valid to WRL 0.25 Tcy-40 
(data setup time) 
TwrH2ad! | WRT to data out invalid 0.25 Tcy § 
(data hold time) 
ayo a EES [= feasters | = [ve 


These parameters are characterized but not tested. 






Conditions 
























Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
§ This specification is guaranteed by design. 





DS30412A-page 2-974 © 1995 Microchip Technology Inc. 


PIC17C4X 





FIGURE 17-12: MEMORY INTERFACE READ TIMING 





TABLE 17-12: MEMORY INTERFACE READ REQUIREMENTS 


No. 


150 TadV2all | AD<15:0> (address) valid to ALEL 0.25 Tcy-30 
(address setup time) 
TalL2ad! | ALEJ to address out invalid | 
(address hold time) 
[760 [Tad@B0<k[ADKIE.O>FighimpedancowOEL [ia] — | — 
| 161 | ToeH2adD_| OET to AD<15:0> driven o25Tey-15; — | — | 
TadV20eH | Data in valid before OET 35 
(data setup time) 


ToeH2ad! | OETto data in invalid (data hold time) ae 







va 

Foot _[OEpuso wan ——~=~S~=*id ya] — | 
faa [ALETtoALET Gyeetime) | ——*|| Tes | = 
face __[Aderessaccesstime———=dtS 


| = | 0.75 Tey-40 
Toe Output enable access time 0.5 Tcy - 60 
(OE low to Data Valid) 
These parameters are characterized but not tested. 


t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
§ This specification guaranteed by design. 





» 
ack 
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NOTES: 
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18.0 PIC17C42 DC AND AC CHARACTERISTICS 


The graphs and tables provided in this section are for design guidance and are not tested or guaranteed. In some 
graphs or tables the data presented are outside specified operating range (e.g. outside specified VDD range). This is 
for information only and devices are guaranteed to operate properly only within the specified range. 


The data presented in this section is a statistical summary of data collected on units from different lots over a period of 
time. "Typical" represents the mean of the distribution while "max" or "min" represents (mean + 35) and (mean - 30) 
respectively where o is standard deviation. 


TABLE 18-1: PIN CAPACITANCE PER PACKAGE TYPE 


Typical Capacitance (pF) 


Pin Name 
40-pin DIP — PLCC a MQFP —_ TQFP | 


‘All pins, except MCLR, | pins, except MCLR 

> eral and Vss 

MCLRpin pin 

FIGURE 18-1: sane! RC a FREQUENCY es 


Fosc Frequency normalized to +25°C 
Fosc (25°C) 





1.10 








© 1995 Microchip Technology Inc. DS30412A-page 2-977 


PIC17C4X 





FIGURE 18-2: TYPICAL RC OSCILLATOR FREQUENCY vs. Vpp 


N 
<= 
= 
Q 
D 
O 
Lit 


Fosc (MHz) 


VbD (Volts) 
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FIGURE 18-4: TYPICAL RC OSCILLATOR FREQUENCY vs. Vop 


Fosc (MHz) 





VDD (Volts) 


TABLE 18-2: RC OSCILLATOR FREQUENCIES 


Average 
Fose @ 5V, 25°C 


3.54 MHz 
2.43 MHz 


1.30 MHz 
129 kHz 
1.54 MHz 
980 kHz 
564 kHz 
35 kHz 





a 
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TRANSCONDUCTANCE (gm) OF LF OSCILLATOR vs. Vop 


FIGURE 18-5: 


~~ 
2) 
S 
& 
a 
oO 
> 





FIGURE 18-6: TRANSCONDUCTANCE (gm) OF XT OSCILLATOR vs. Vpp 


~ 
w) 
= 
(e) 
> 
ll 
Q 
Q 
> 
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FIGURE 18-7: TYPICAL IpD vs. FREQUENCY (EXTERNAL CLOCK 25°C) 
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FIGURE 18-9: TYPICAL IPD vs. VoD WATCHDOG DISABLED 25°C 





VDD (Volts) 


FIGURE 18-10: MAXIMUM IPp vs. VoD WATCHDOG DISABLED 
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eee: es Ieee eee 
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FIGURE 18-11: TYPICAL IPD vs. VoD WATCHDOG ENABLED 25°C 


VDD (Volts) 
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FIGURE 18-13: WOT TIMER TIME-OUT PERIOD vs. Vob 





WDT Period (ms) 


: Min @ 85°C 
Typ @ 25°C 
eee i ed 





VbbD (Volts) 
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FIGURE 18-15: loH vs. VOH, VoD = 5V 


Vop (Volts) 
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FIGURE 18-17: IOL vs. VOL, VoD = 5V 
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FIGURE 18-19: VTH, VIL of /O PINS (SCHMITT TRIGGER) vs. VoD 


VoD (Volts) 





VbDp (Volts) 


(IN XT AND LF MODES) vs. Vop 
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FIGURE 18-20: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT 
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NOTES: 


DS30412A-page 2-988 © 1995 Microchip Technology Inc. 


PIC17C4X 


19.0 PIC17C43 AND PIC17C44 ELECTRICAL CHARACTERISTICS 


Absolute Maximum Ratings t 





Ambient temperature Under DIAS... cecceeeeesscsesssscceecceccececseeesesceceesessucsceesetecceuseeseeseesuaessecnsegecseecens 55 to +125°C 
RS) 62 (9 (= won| 0)= | 02 [10 |=, nn re oO Pe RE era Re ee ee -65°C to +150°C 
Voltage On VDD With respect to VSS ooo. ceeccessceeseccececeeceeceanececeececeececaeenseseesasceseecsersestssesaceececseecenseeeaueeeess 0 to +7.5V 
Voltage on MCLR with respect to VSS (Note 2) .....cc ccc ccscccscssesecsesssscscssesssscssssscessesseesseseesasenasenseaseeeeseass -0.6V to +14V 
Voltage on RA2 and RAS with respect to VSS.............cccccccccccssscessnssecesessuececesesstececesenssesesesesuaeaeeesseeeseageraesees -0.6V to +14V 
Voltage on all other pins with respect to VSS .........c ccc cccccccsssesssseceeesetseceecsesesesecceessaeseecesanaeececesaeaueas -0.6V to VoD +0.6V 
Total power dissipation (Note 1).............cccccccccccccecsecccescccesceeecceeceescsuceeeetucesseecseseeeuseesesesesusecueeeeereeseeecsseteceseaessecearseenes 1.0W 
Maximum current out of VSS pin(s) - total ........ 0. cece cccessscesesessenseeeeseseseeseeneeseausceceseseneeaesesecssseseeeeeesceseseusaeagsanes 250 mA 
Maximum current into VDD pin(S) - total ................. ccc cccceececeececseceeseceseeeeceececeseeteuseececeseneesnnesseasetcanasecescecesceeeeceteess 200 mA 
Input Clamp current; NK: (Vi <0 OF ViPS VDD) css: cv senscesensctaueusnlenas vaueualssas vsdeases daceadwodsbvcceh'cawou)ususeanccondenst second ahebeaaeterisbenbiaetiaes +20 mA 
Output clamp current, IOK (VO < 0 OF VO > VDD) uu... ce ccsecscecssecseecsecccnccesscecossscsscecsssssesacesceceessscseessesensecesecesecesessee seen ares +20 mA 
Maximum output current sunk by any I/O pin (except RA2 and RAS) o........... ccc cccsseeceeceeessessssseeceeaeaeaesceceeceseeeseees 35 mA 
Maximum output current sunk by RA2 or RAS PINs.....................ccseseeessssessessenscsnesensceeecesaceceeeaueeeceseeeeessenesceseeseseess 60 mA 
Maximum output current sourced by any I/O Pin ..............ccccssesssscecececesssssesaucnseececesesessaeseeeeseceesesseaeeeasaesesssanaesserseeess 20 mA 
Maximum current sunk by PORTA and PORTB (Combined)................ccccccccccsssscessssssssesecssececeeceeseseneucencesseceeaeeeseess 150 mA 
Maximum current sourced by PORTA and PORTB (Combined) .................c.ccceccesceceecsceecceeeeenseeesseecceeeessesceneeeneaees 100 mA 
Maximum current sunk by PORTC, PORTD and PORTE (combined) ...................cccccesesssescecssnsceeceeessnecseseeseneeeeees 150 mA 
Maximum current sourced by PORTC, PORTD and PORTE (combined) ..............:..ccccssccceceesssssecceeeeescesesseeeeseneees 100 mA 


Note 1: Power dissipation is calculated as follows: Pdis = Vbp x {IDD - %) IOH} + ¥ {(VDD-VoH) X IOH} + X(VOL x IOL) 


Note 2: Voltage spikes below Vss at the MCLR pin, inducing currents greater than 80 mA, may cause latch-up. Thus, 
a series resistor of 50-100Q should be used when applying a "low" level to the MCLR pin rather than pulling 
this pin directly to Vss. 
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TABLE 19-1: CROSS REFERENCE OF DEVICE SPECS FOR OSCILLATOR CONFIGURATIONS | 
AND FREQUENCIES OF OPERATION (COMMERCIAL DEVICES) 


17C43-16 17043-25 © . — 17LC43-08 
| ose | - - 17044-16 17044-25 17LC44-08 | 
RC | Vpp: 4.5V to 6.0V Vop: 4.5V to 6.0V Vob: 2.5V to 6.0V 
: ~ | IDD: 6 mA Max. IDD: 6 MA Max. IDD: 6 mA Max. 
IPD: 5 uA Max. at 6V ’ IPD: 5 wA Max. at 6V IPD: 5 wA Max. at 6V 
WDT disabled | WDT disabled WDT disabled 
| Freq: 4 MHz Max. Freq: 4 MHz Max. Freq: 4 MHz Max. 
Vop: 4.5V to 6.0V Vop: 4.5V to 6.0V VDD: 2.5V to 6.0V | 
IDD: 24 mA Max. IDD: 38 mA Max. IDD: 12 mA Max. 
IPD: 5 wA Max. at 6V IPD: 5 pA Max. at 4V IPD: 5 wA Max. at 6V 
WDT disabled WDT disabled WDT disabled 
Freq: 16 MHz Max. Freq: 25 MHz Max. Freq: 8 MHz Max. 
Vop: 4.5V to 6.0V : Vopp: 4.5V to 6.0V Vop: 2.5V to 6.0V 
IDD: 24 mA Max. IDD: 38 mA Max. IDD: 12 mA Max. 
IPD: 5 vA Max. at 6V IPD: 5 pA Max. at 6V IPD: 5 pA Max. at 6V 
WDT disabled WDT disabled WDT disabled 
Freq: 16 MHz Max Freq: 25 MHz Max. Freq: 8 MHz Max. 











SEGRE eC IMIENC NEG. 638 Fea MEE NE aK : 
The shaded sections indicate oscillator selections which are tested for functionality, but not for MIN/MAX specifica- 
tions. It is recommended that the user select the device type that guarantees the specifications required. 
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19.1 DC CHARACTERISTICS: PIC17C43/C44-16 (Commercial, Industrial) 
PIC17C43/C44-25 (Commercial, Industrial) 






Standard Operating Conditions (unless otherwise stated) 
Operating temperature 






DC CHARACTERISTICS 



































D020 
D021 


-40°C <TAS+85°C for industrial and 
0°C < TA < +70°C for commercial 
a Vpp =! Supply Voltage 4.5 6.0 ie ane 
RAM Data Retention | 1.5* V Device in SLEEP mode 
Voltage (Note 1) 
VPOR | VOD start voltage to See section on Power-On Reset for 
guarantee details 
Power-On Reset 
mV/ms | See section on Power-On Reset for 
guarantee details 
Supply Current mA_ | Fosc = 4 MHz (Note 4) 
(Note 2) i *{| mA 
H 24* | mA 
19 38 mA | Fosc = 25 MHz 
95 | 150 A | Fosc = 32 kHz, 
WDT enabled (EC osc configuration) 
t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Note 1: This is the limit to which VDD can be lowered in SLEEP mode without losing RAM data. 
impact on the current consumption. 
The test conditions for all IDD measurements in active operation mode are: 
OSC1 = external square wave, from rail to rail; all 1/O pins tristated, pulled to VOD or Vss, TOCKI = VDD, 
sidered. 
For the RC oscillator, the current through the external pull-up resistor (R) can be estimated as: VDD / (2 e R). 
For capacitive loads, The current can be estimated (for an individual I/O pin) as (Q. e VDD) e f 
extended microcontroller mode). 
3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD and Vss. 


Operating voltage VDD = 4.5V to 6.0V 
SVDD | VD0 rise rate to 
Power-On Reset 
Fosc = 8 MHz 
Power Down VDD = 6.0V, WDT enabled 
Current (Note 3) 7: VDD = 6.0V, WDT disabled 
2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as 1/O pin 
MCLR = Vpp; WDT enabled/disabled as specified. 
CL = Total capacitive load on the I/O pin; f = average frequency the 1/O pin switches. 
4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti- 


ee 
No. Characteristic T Conditions 
Fosc = 16 MHz 
7 These parameters are characterized but not aa 

loading and switching rate, oscillator type, intemal code execution pattem, and temperature also have an 
Current consumed from the oscillator and I/O’s driving external capacitive or resistive loads needs to be con- 
The capacitive currents are most significant when the device is configured for external execution (includes 
mated by the formula IR = VDD/2Rext (mA) with Rext in kOhm. 


EEA GETS A IE LI SNE EE LE TEE I EE IR AE TOF DE EE I EOE BETS TE I OEE LED IT TET SPT I SC ET ETE SLE TS TTT AIEEE AE TE IELTS TET I TERT LOOT SIE I aT TIL IESE STII TSE LTT 
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19.2 DC CHARACTERISTICS: PIC17LC43/LC44 (Commercial, Industrial) 








Standard Operating Conditions (uniess otherwise stated) 
. Operating temperature 
DC CHARACTERISTICS -40°C <TA<s+85°C for industrial and 
| a o°Cc < TA < +70°C for commercial 
= 2.5V to 6.0V 


Parameter | 
No. Characteristic Typt Units ___ Conditions 


Vop _| Supply Voltage 


02 VoR RAM Data Retention 
Voltage (Note 1) 


VPoR |VDD start voltage to 
guarantee 
Heed Reset 


See section on Power-On Reset for 
is int a 


Supply Current Fosc = 4 MHz (Note 4) 
(Note 2) | Fosc = 8 MHz 
Fosc = 32 kHz, 
WDT disabled (EC osc configuration) 





‘ aie parameters are characterized but not tested. 
t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
Note 1: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as |/O pin 
loading and switching rate, oscillator type, intemal code execution pattern, and temperature also have an 
impact on the current consumption. 

The test conditions for all lbD measurements in active operation mode are: 

OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to VOD or Vss, TOCKI = Vpp, 
MCLR = Vpp; WDT enabled/disabled as specified. 

Current consumed from the oscillator and !/O’s driving extemal capacitive or resistive loads needs to be con- 
sidered. 

For the RC oscillator, the current through the external pull-up resistor (R) can be estimated as: VD / (2 e R). 
For capacitive loads, The current can be estimated (for an individual I/O pin) as (Q_ e VoD) ef 

CL = Total capacitive load on the I/O pin; f = average frequency the I/O pin switches. 

The capacitive currents are most significant when the device is configured for external execution (includes 
extended microcontroller mode) | 

3: The power down current in SLEEP mode does not depend on the oscillator type. Power down current is 
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss. 

4: For RC osc configuration, current through Rext is not included. The current through the resistor can be esti- 
mated by the formula IR = Vpbd/2Rext (mA) with Rext in KOhm. 


fe, = SS TES RE ME PIER ASE TT I NO RTS BP TT EE ET SE ED TORIES NE SN SI EO ED ELE NIT TD SAS 
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19.3 DC CHARACTERISTICS: PIC17C43/C44-16 (Commercial, Industrial) 
PIC17C43/C44-25 (Commercial, Industrial) 
PIC17LC43/LC44-08 (Commercial, Industrial) 
Standard Operating Conditions (unless otherwise stated) 
Operating temperature 
DC CHARACTERISTICS -40°C <TA< +85°C for industrial and 
0°C <TAS+70°C for commercial 


Operating voltage VDD range as described in Section 19.1 








input Low Voltage 
1/O ports 
with TTL buffer 





















VIL 












PIC17C43/C44 
PIC17LC43/LC44 


Vss 





with Schmitt Trigger buffer 
MCLR, OSC1 (in EC and RC 
mode) 

OSC1 (in XT, and LF mode) 
Input High Voltage 
I/O ports 

with TTL buffer 














Note1 









PIC17C43/C44 
PIC17LC43/LC44 


Note1 


input Leakage Current 
(Notes 2, 3) 
I/O ports (except RA2, RA3) 






Vss s VPIN < VDD, 
I/O Pin at hi-impedance 
PORTB weak pull-ups disabled 


VPIN = Vss or VPIN = VDD 
Vss < VRA2, VRA3 < 12V 
Vss < VPIN < VDD 


VMCLR = VPP = 12V 
Veen not programming) 


D070 IPURB | PORTB weak pull-up current 400 uA | VPIN= Vss, RBPU = 0 
4.5V< VDD <6.0V 


These parameters are characterized but not tested. 
Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
t These parameters are for design guidance only and are not tested, nor characterized. 
tt Design guidance to attain the AC timing specifications. These loads are not tested. 
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC17CXX devices be driven with extemal clock in RC mode. 

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

3: Negative current is defined as coming out of the pin. 

4: These specifications are for the programming of the on-chip program memory EPROM through the use of the 
table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

5: The MCLR/Vpp pin may be kept in this range at times other than programming, but is not recommended. 

6: For TTL buffers, the better of the two specifications may be used. 











MCcLR 
RA2, RAS 
OSC1, oe 
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Standard Operating Conditions (unless otherwise stated) 
omy bigs | Operating temperature 
DC CHARACTERISTICS , -40°C <TA< +85°C for industrial and 
| oe a 0°;C <TAS<+70°C for commercial 


nopemiG voltage VDD range as described in Section 19.1 





Output Low Voltage | 
I/O ports (except RA2 and RAS {lot = Vbd/1.250 mA 
hoe yd | | 45V<sVpp<6.0V 
Vop=2.5V 
with TTL buffer : lo. = 6 mA, VDD = 4.5V 
; Note 6 
RA2 and RA3 loL = 60.0 mA, VDD = 6.0V 
OSC2/CLKOUT | {loL=2mA,VoD=4.5V | 
(RC and EC osc modes) lo. = VoD/2.500 mA 
(PIC17LC43/LC44 only) 
Output High Voltage (Note 3) | . 
1/O ports (except RA2 and RA3 | IOH = -VDD/2.500 mA 
: 45V<VppD<60V 
Vop =2.5V 
with TTL buffer ; IOH = -6.0 mA, VoD=4.5V 
| Note 6 — 
RA2andRAS | | Pulled-up to externally applied 
_|voltage 
OSC2/CLKOUT | |10H = -5 mA, VDD = 4.5V 
(RC and EC osc modes) - IOH = -VDD/2.500 mA 
- (PIC17LC43/LC44 only) 
Capacitive Loading Specs 
on Output Pins 
| Cosc2| OSC2/CLKOUT pin _ In EC or RC osc modes when 
OSC2 pin is outputting 
CLKOUT. 
external clock is used to drive 
OSC1. 
All I/O pins and OSC2 : 
(in RC mode) | 
System Interface Bus In Microprocessor or 
(PORTC, PORTD and PORTE) Extended Microcontroller mode 
. These parameters are characterized but not tested. 
t Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
t These parameters are for design guidance only and are not tested, nor characterized. 


tt | Design guidance to attain the AC timing specifications. These loads are not tested. 
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC17CXX devices be driven with extemal clock in RC mode. 

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 

| represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

3: Negative current is defined as coming out of the pin. _ 

4: These specifications are for the programming of the on-chip program memory EPROM through the use of the 
table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). 

5: The MCLA/Vpp pin may be kept in this range at times other than programming, but is not recommended. 

6: For TTL buffers, the better of the two specifications may be used. 
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Standard Operating Conditions (unless otherwise stated) 
Operating temperature 
DC CHARACTERISTICS -40°C < TA < +85°C for industrial and 
0O°C <TAS<+70°C for commercial 


Operating voltage VDD range as described in Section 19.1 


Parameter 
No. Characteristic Typt 5 Conditions 


Internal Program Memory 
Programming Specs (Note 4) 
Voltage on MCLR/Vpp pin 
Supply voltage during program 
ming 

Current into MCLR/VPP pin 
Supply current during program- 
ming 





us | Terminated via intemal/extemal 
interrupt or a reset 





These parameters are characterized but not tested. 


T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only 
and are not tested. 
t These parameters are for design guidance only and are not tested, nor characterized. 


tt Design guidance to attain the AC timing specifications. These loads are not tested. 
Note 1: In RC oscillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that the 
PIC17CXX devices be driven with extemal clock in RC mode. 

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different input voltages. 

3: Negative current is defined as coming out of the pin. 

4: These specifications are for the programming of the on-chip program memory EPROM through the use of the 
table write instructions. The complete programming specifications can be found in: PIC17CXX Programming 
Specifications (Literature number DS30139). . 

5: The MCLR/Vpp pin may be kept in this range at times other than programming, but is not recommended. 

6: For TTL buffers, the better of the two specifications may be used. 
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19.4 Timing Parameter Symbology 


The timing parameter symbols have been created following one of the following formats: 


1. TppS2ppS — 
2.TppS 


3.Tcc:st —_ (I?C specifications only) 
4.Ts __ (I?C specifications only) 





Frequency | 
Lowercase symbols (pp) and their meanings: 






Pp ‘ 
ad Address/Data 


al ALE 
' Capture1 and Capture2 
CLKOUT or clock 
Data in 
_ INT pin 
/O port 
MCLR 
OE 
os OSC1 


Uppercase symbols and their meanings: 


Driven 
Edge 


Fall 
High 
Invalid (Hi-impedance) 


Oscillator Start-Up Timer 
Power-Up Timer 
PORTB 
AB 
RD or WR 
TOCKI 
TCLK12 and TCLK3 
Watchdog Timer 
WR 


- Low 
Period 
Rise 
Valid 
High Impedance 





EA REE I I SDS ELD AI PCE SPOS ES ET ETE PD DEBIT SET TE TIES TD AIO CTI RE LS PE PANIIT EER ERS IE PTO TOIT NE IT PED oS TT RE REESE LE SSC SDE ES EEG REE 1 ET RI SSE INE I, EES I TENTS TELE TTG 
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FIGURE 19-1: PARAMETER MEASUREMENT INFORMATION 


All timings are measure between high and low measurement points as indicated in the figures below. 


INPUT LEVEL CONDITIONS 
PORTC, D and E pins 
VIH = 2.4V 
» Geena eens eat = Vit = 0.4V 
, Data in valid = 


j —, <a 
All other input pins Data in invalid 


ViH = 0.9 VoD 
$$ $$$ | 
' Data in valid eo 

—, i<- 
Data in invalid 


OUTPUT LEVEL CONDITIONS 


“Data outvalid | 


> 
Data out invalid 


hi-impedance 


LOTS SchecM 
0.1 Vop-A a 


— > “@ Rise Time — “# Fall Time 


LOAD CONDITIONS 


50 <CL <100pF 
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19.5 Timing Diagrams and Specifications 
FIGURE 19-2: EXTERNAL CLOCK TIMING 





OSC2 tT 
t In EC and RC modes only. 


TABLE 19-2: EXTERNAL CLOCK TIMING REQUIREMENTS 


Parameter 
: | Conditions 


EC osc mode - PIC17LC43/44-08 
- PIC17C43/44-16 





- PIC17C43/44-25 
Oscillator Frequency 
(Note 1) 
- PIC17C43/44-16 
- PIC17C43/44-25 
1 Tosc | External CLKIN Period 
(Note 1) 
Oscillator Period . | RC osc mode 
(Note 1) XT osc mode - PIC17LC43/44-08 
. - PIC17C43/44-16 
- PIC17C43/44-25 
LF osc mode 
instruction Cycle Time (Note 1) | 160 | 4/Fosc | DC [ns _| 
TosL, | Clock in (OSC1) high or low time 10¢ EC oscillator 
TosH 
TosR, | Clock in (OSC 1) rise or fall time EC oscillator 
TosF 
Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
= These parameters are for design guidance only and are not tested, nor characterized. 


Note 1: Instruction cycle period (Tcy) equals four times the input oscillator time base period. All specified values are based on 
characterization data for that particular oscillator type under standard operating conditions with the device executing code. 
Exceeding these specified limits may result in an unstable oscillator operation and/or higher than expected current con- 
sumption. All devices are tested to operate at "min." values with an external clock applied to the OSC 1/CLKIN pin. 
When an external clock input is used, the "max." cycle time limit is "DC" (no clock) for all devices. 
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FIGURE 19-3: CLKOUT AND I/O TIMING 


eke Oa 
ee —e! 12 
19! ~e-| Bj 7 : 
14 at ——-pel. —><«— 16 


ses WML. NL 


t ' ] 
es nr 
I/O Pin 


(output) new value 


t In EC and RC modes only. 





TABLE 19-3: CLKOUT AND /OTIMING REQUIREMENTS 


Parameter 
No. Characteristic Typt Conditions 


[0 [TosH2ekt Joscivtocikours |S —S«d tS] 908 | ns [Noted | 
[ti [Tosa fosciviociKourt STS «dS | ns [_Notot | 
[12 [tek fetkoutrsetme S«d [Es | Noto 
fiekF[eiKouTiaime «SC S«d |e | Note 

05 Tov4204 
17L.C43/44 | 0.25 Tcy+50 ¢ 

Port in hold after CLKOUTT 
fTasHaio [OSGI (GT oycle)to Por outvald 


TosH2io! | OSC11 (Q2 cycle) to Port input invalid Of 
(I/O in hold time) 


TioV20sH _ | Port input valid to OSC1L 30 ¢ 
(I/O in setup time) 
[To [Ponoutpareetne Sd 
Por output faltime ee ed 










—" 
= onl on 
Pi ++ | ++ 


13 
14 
15 
16 
17 
18 
19 

1 


2 


TinHL INT pin high or low time 
TrbHL RB<7:0> change INT high or low time 





. These parameters are characterized but not tested. 

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

t These parameters are for design guidance only and are not tested, nor characterized. 


Note 1: Measurements are taken in EC Mode where CLKOUT output is 4 x Tosc. 
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FIGURE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP- 
TIMER TIMING | 





MCLR 


Internal 
POR 


PWRT 
Timeout 


OSC 
Timeout 


Internal 
RESET . 


Watchdog 
Timer 
RESET 


Address / 
Data . 


TABLE 19-4: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP 


| TIMER REQUIREMENTS | 3 

Parameter . | | | : co.) 
No. Characteristic | Typt . Conditions 
3 


MCLR Pulse Width (low) 100* hee, 4 Sons i ? 
ie ae 
| ms | Tosc =OSC1 period 
























—- 
32 
33 
35 





Oscillation Start-Up Timer Period 
Power-Up Timer Period 40* 
These parameters are characterized but not tested. . 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 


Twdt | Watchdog Timer Timeout Period 12 25* 
(Prescale = 1) 
Ce 
TmcL2ad|| MCLR to System Interface bus 
(AD<15:0>) invalid | 
tested. 


OD ++ —+ * 


These parameters are for design guidance only and are not tested, nor characterized. 
This specification guaranteed by design. 
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FIGURE 19-5: TIMERO CLOCK TIMINGS 


RA1/TOCK! fo RO 






<—— 40 +! = 44 —__ + 


' 


42. ————— 





TABLE 19-5: TIMERO CLOCK REQUIREMENTS 


Parameter 
No. Characteristic Typt Conditions 


eam at co cA ECS sO el eer 
With Prescaler | 10" | — | — | ns | 


TtOH 
TtOL | TOCKI Low Pulse Width 0.5 Tcy + 20 § ol Bee EC 
winPrescaler [fOr | = | =| a8 | 
42 TtOP | TOCK! Period [cy + 40 § N = prescale value 
N (1, 2, 4, ..., 256) 


These parameters are characterized but not tested. 



















t | Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 
§ This specification guaranteed by design. 


FIGURE 19-6: TIMER1, TIMER2, AND TIMER3 CLOCK TIMINGS 


TCLK12 
or 
TCLK3 





TABLE 19-6: TIMER(, TIMER2, AND TIMER3 CLOCK REQUIREMENTS 


4 Tt123H | TCLK12 and TCLK3 high time 0.5 Tcy + 20§ 
Tti23L |TCLK12 and TCLK3 low time 0.5 Tcy + 20§ 


6 
Tt123P | TCLK12 and TCLK3 input period [ey + 40 § 
N 
48 TckE2tmrl| Delay from selected External Clock Edge to 
Timer increment 


These parameters are characterized but not tested. 

t Data in “Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

§ This specification guaranteed by design. 
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FIGURE 19-7: CAPTURE TIMINGS 


CAP1 
and CAP2 
(Capture Mode) 





TABLE 19-7: CAPTURE REQUIREMENTS 














eet Gapturet and Capture? input low time o— 
| ST | TecH | Capture1 and Capture2 input high time ——— 


TecP |Capture1 and Capture2 input period 2 Tey § reece prescale value 
N (4 or 16) 


These parameters are characterized but not tested. 
Data in "Typ" column is at 5V, 25°C unless otherwise stated. These arenes are for design guidance only and are not 
tested. 

§ This specification guaranteed by design. 


FIGURE 19-8: PWM TIMINGS 






PWM1 
and PWM2 
(PWM Mode) 





TABLE 19-8: PWM REQUIREMENTS 


Parameter 
No. Characteristic 






























[wn _| rot toe | nts |conations 
[83 | TeeR [PWM and PWM ouput fae tne Cd 
[St [ee [ POT ane PWN ouput Tal tin [0 [85°5[ns [ 


These parameters are characterized but not tested. 


t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 


§ This specification guaranteed by design. 
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FIGURE 19-9: SCi MODULE: SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING 





RA5/TX/CK 
pin 


RA4/RX/DT 


pin 





TABLE 19-9: SERIAL PORT SYNCHRONOUS TRANSMISSION REQUIREMENTS 


Parameter 
Rages cel Eesti bs: re Peal Bad pees COnemons, Itions 
T4390. | TekHodtv | 
Clock high to data out valid 17C43/44 


raceme [= [=| ee | 
2 eee ee out rise time and fall time | — | 25 | ns | 
et No neat [== [ee 

(— | 2 | ns | 

= | 40 | ns 


iE ha Data out rise time and fall time 17C43/44 | | 
17LC43/44 | — | 


Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 


FIGURE 19-10: SCI MODULE: SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING 












RA5/TX/CK 
pin 
RA4/RX/DT 
pin 


405 ~—~*(| TatV2cklL SYNC RCV (MASTER & SLAVE) 
Data hold before See enrer aera sara (DT a5 time) 


| 126 =| TekLadtl_ | Data hold after CK! (DT hold time) [15ST | 


T Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design serait | oom and are not 
tested. 
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FIGURE 19-11: MEMORY INTERFACE WRITE TIMING (NOT SUPPORTED IN PIC17LC4X DEVICES) 


nD, a 









TABLE 19-11: MEMORY INTERFACE WRITE REQUIREMENTS (NOT SUPPORTED IN PIC17LC4X 


DEVICES) 
Parameter 
No. Characteristic Typt Max Conditions 


o 
0 TadV2alL | AD<15:0> (address) valid to ALEL 0.25 Tey-30 
(address setup time) 
7 
2 f 


























: a 
15 TaiL2adi | ALEJ to address out invalid 
(address hold time) 
15 TadV2wrL | Data out valid to WRI 0.25 Tey-40 
(data setup time) ; 
153 TwrH2ad! | WRT to data out invalid 0.25 Tcy § 
(data hold time) 
Petes 


WR pulse width 0.25 Tey § 


' These parameters are characterized but not tested. 

t Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 

§ This specification guaranteed by design. 
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FIGURE 19-12: MEMORY INTERFACE READ TIMING (NOT SUPPORTED IN PIC17LC4X DEVICES) 


Q1 Q2 Q3 Q4 Q1 Q2 


AD<15:0> 





TABLE 19-12: MEMORY INTERFACE READ REQUIREMENTS (NOT SUPPORTED IN PIC17LC4X 
DEVICES) 


Output enable access time 
(OE low to Data Valid) 





" These parameters are characterized but not tested. 
Tt Data in "Typ" column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 
tested. 


§ This specification guaranteed by design. 
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NOTES: 
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20.0 PIC17C43 AND PIC17C44 DC AND AC CHARACTERISTICS 


The graphs and tables provided in this section are for design guidance and are not tested nor guaranteed. In some 
graphs or tables the data presented is outside specified operating range (e.g. outside specified VDD range). This is for 
information only and devices are guaranteed to operate properly only within the specified range. 


The data presented in this section is a statistical summary of data collected on units from different lots over a period of 
time. “Typical" represents the mean of the distribution while "max" or "min" represents (mean + 35) and (mean - 30) 
respectively where o is standard deviation. | 


TABLE 20-1: PIN CAPACITANCE PER PACKAGE TYPE 


Typical Capacitance (pF) 
Pin Name 
=—— DIP 44-pin PLCC 44-pin MQFP 44-pin TQFP 


All pins, except MCLA, pins, except MCLR 

Ween and Vss 

[MCLRpin sid pin 

FIGURE 20-1: aa RC areas eee) FREQUENCY manne 


Fosc Frequency normalized to +25°C 
Fosc (25°C) 






1.10 
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FIGURE 20-2: TYPICAL RC OSCILLATOR FREQUENCY vs. Vpp 


aioe, 
N 
aa 
= 
Oo 
3 
LL. 


Fosc (MHz) 


VDD (Volts) 





ERA SG Lc ST SS Sc SSC SSE SS i Sa SG A Cs ER ECR 
DS30412A-page 2-1008 © 1995 Microchip Technology Inc. 


PIC17C4X 





FIGURE 20-4: TYPICAL RC OSCILLATOR FREQUENCY vs. Vop 


iiassnomieiaata 
ee 
——_____ | 


os 
a 


2 R= 5.1k 
a 


Fosc (MHz) 


R ae 
as 
Cext = 300 pF, T = 25°C 
eeraneaeeens Rama 2.5. 
eae eee ea, 
: 0 5.5 


VbD (Volts) 





TABLE 20-2: RC OSCILLATOR FREQUENCIES 
Average 
22 pF 10k 3.33 MHz + 12% 
a ee ee 
3.54 MHz 
2.43 MHz 


1.30 MHz 
129 kHz 
1.54 MHz 
980 kHz 
564 kHz 
35 kHz 
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FIGURE 20-5: TRANSCONDUCTANCE (gm) OF LF OSCILLATOR vs. Vop 
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FIGURE 20-6: TRANSCONDUCTANCE (gm) OF XT OSCILLATOR vs. Vpp 


-_— 
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FIGURE 20-7: TYPICAL IDD vs. FREQUENCY (EXTERNAL CLOCK 25°C) 
1.0E-01 
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FIGURE 20-9: TYPICAL IPD vs. VOD WATCHDOG DISABLED 25°C 
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FIGURE 20-11: TYPICAL IPD vs. VoD WATCHDOG ENABLED 25°C 
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FIGURE 20-12: MAXIMUM IPpD vs. VoD WATCHDOG ENABLED 
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FIGURE 20-13: WDT TIMER TIME-OUT PERIOD vs. Vpp 
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=5V 


FIGURE 20-15: IOH vs. VOH, VDD 
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VDD (Volts) 


= 3V 


FIGURE 20-16: IOL vs. VOL, VoD 
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FIGURE 20-17: lo. vs. VOL, VDD = 5V 
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FIGURE 20-19: VTH, Vit of /O PINS (SCHMITT TRIGGER) vs. Vop 
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FIGURE 20-20: VTH (INPUT THRESHOLD VOLTAGE) OF OSC1 INPUT 
(IN XT AND LF MODES) vs. Vpp 


VTH, (Volts) 
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NOTES: | 
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21.0 PACKAGING INFORMATION 


For package dimensions, 
please refer to the packaging section of the Data Book 
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21.1 Pack Marking Information 





40-Lead PDIP Example 


XXXKXXXXXKXKXKXXXKXKXKXKXX 
XXXXKXKXXXXXXKXKXKXKKK 
XXXXXXXXXXXXXXXKXXX 


PIC17C43-251/P 
LOO6 


. 9441CCA 
O MIcROCcHIP 


. AABBCDE 
oO MicRocHIP 





40 Lead CERDIP Windowed Example 


PIC17C44 
KX /JW 
C) ties 
9444CCT 


XXX XXXKXKXKKK 
NN XXXXXXXXXXX | 
XXXXXXXXXXX 


AABBCDE 


Rrcmocn, 





44-Lead PLCC Example 


MICROCHIP 


PIC17C42 
O -161/L 

L013 

9445CCN 


MicRocHP 


| | XXXXXKXXXX 

|O XXXXXXXXXX 

| XXXXXXXXXX 
AABBCDE 





44-Lead MQFP Example 
S 
PIC17C44 


AABBCDE 


Legend: MM...M Microchip part number information 

XX...X Customer specific information" 

AA Year code (last 2 digits of calendar year) 

BB Week code (week of January 1 is week ‘01’) 
Facility code of the plant at which wafer is manufactured 
C = Chandler, Arizona, U.S.A., 
S = Tempe, Arizona, U.S.A. 
Mask revision number 
Assembly code of the plant or country of origin in which 
part was assembled 

Note: In the event the full Microchip part number cannot be marked on one line, 

it will be carried over to the next line thus limiting the number of available 
characters for customer specific information. 

* Standard OTP marking consists of Microchip part number, year code, week 
code, facility code, mask rev#, and assembly code. For OTP marking beyond 
this, certain price adders apply. Please check with your Microchip Sales 
Office. For QTP devices, any special marking adders are included in QTP 
price. 
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APPENDIX A: :MODIFICATIONS 


The following is the list of modifications over the 


PIC16CXX microcontroller family: 


1. 


10. 


11. 
12. 
13. 


14. 


15. 


16. 
17. 


18. 


19. 
20. 
21. 


22. 
23. 


Instruction word length is increased to 16-bit. 
This allows larger page sizes both in program 
memory (8 Kwords verses 2 Kwords) and regis- 
ter file (256 bytes versus 128 bytes). 

Four modes of operation: microcontroller, pro- 
tected microcontroller, extended microcontroller, 
and microprocessor. 

22 new instructions. 

The MOVF, TRIS and OPTION instructions have 
been removed. 

4 new instructions for transferring data between 
data memory and program memory. This can be 
used to “self program" the EPROM program 
memory. 

Single cycle data memory to data memory trans- 
fers possible (MOVPF and MOVF?P instructions). 
These instructions do not affect the Working reg- 
ister (WREG). 

W register (WREG) is now directly addressable. 
A PC high latch register (PCLATH) is extended 
to 8-bits. The PCLATCH register is now both 
readable and writable. 

Data memory paging is redefined slightly. 

DDR registers replaces function of TRIS regis- 
ters. 

Multiple Interrupt vectors added. This can 
decrease the latency for servicing the interrupt. 
Stack size is increased to 16 deep. 

BSR register for data memory paging. 

Wake up from SLEEP operates slightly differ- 
ently. 

The Oscillator Start-Up Timer (OST) and 
Power-Up Timer (PWRT) operate in parallel and 
not in series. 

PORTE interrupt on change feature works on all 
eight port pins. 

TMRO is 16-bit plus 8-bit prescaler. 

Second indirect addressing register added 
(FSR1 and FSR2). Configuration bits can select 
the FSR registers to auto-increment, auto-dec- 
rement, remain unchanged after an mndirect 
address. 

Hardware multiplier added (8 x 8 — 16-bit) 
(PIC17C43 and PIC17C44 only). 

Peripheral modules operate slightly differently. 
Oscillator modes slightly redefined. 
Control/Status bits and registers have been 
placed in different registers and the control bit 
for globally enabling interrupts has inverse 
polarity. 

Addition of a test mode pin. 

In-circuit serial programming is not imple- 
mented. 


APPENDIX B: COMPATIBILITY 


To convert code written for PIC1I6CXX to PIC17CXX, 
the user should take the following steps: 


1. 


2. 


© MND 


Remove any TRIS and OPTION instructions, 
and implement the equivalent code. 

Separate the interrupt service routine into its 
four vectors. 


Replace: 

MOVF REG1, W 
with: 

MOVFP REG1, WREG 
Replace: 


MOVF REG1, W 

MOVWF REG2 

with: 

MOV PF REG1, REG2 ; Addr(REG1)<20h 
or 
MOVFP 


REG1, REG2 ; Addr (REG2)<20h 





Ensure that all bit names and register names are 
updated to new data memory map location. 


Verify data memory banking. 

Verify mode of operation for indirect addressing. 
Verify peripheral routines for compatibility. 
Weak pull-ups are enabled on reset. 


To convert code from the PIC17C42 to the PIC17C43 
or PIC17C44, the user should take the following steps. 


il. 


lf the hardware multiply is to be used, ensure 
that any variables at address 18h and 19h are 
moved to another address. 


Ensure that the upper nibble of the BSR was not 
written with a non-zero value. This may cause 
unexpected operation since the RAM bank is no 
longer 0. 

The disabling of global interrupts has been 
enhanced so there is no additional testing of the 
GLINTD bit afteraBCF CPUSTA, GLINTD 
instruction. 
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APPENDIX C: WHAT’S NEW APPENDIX D: WHAT’S CHANGED 

The conversion of this Data Sheet into the desktop pub- To make software more portable across the different 
lishing software package, The structure of the docu- PIC16/17 families, the name of several registers and 
ment has been made consistent with other data sheets. control bits have been changed. This allows control bits 
This ensures that important topics are covered across that have the same function, to have the same name 
all PIC16/17 families. Here is an overview of new fea- (regardless of processor family). Care must still be 
tures: | taken, since they may not be at the same special func- 
© Data Sheet Structure / Outline wl etal elie He ee ray the register 
e Section on Table Reads and Table Writes — ih Perea a eee Wet eee 


¢ Characterization results of the PIC17C42 TABLE 21-1: REGISTER NAME CHANGES 


e Hardware multiplier description OLDNAME |NEWNAME | 
+ New devices Ww TWREG 


e Three new instructions (PIC17C43 and PIC17C44 

































san 
e New electrical specification format TABLE 21-2: BIT NAME CHANGES 
(OLDNAME |NEWNAME | 
PPEIR: >|) PEIR 2 
IRB CSTRBIF 
RCIF 






HEB CBE 
TMR2CS 
PM<1:0> 


e BSR register operation 
e Instruction set descriptions have examples 
¢ Timing specifications have been numbered 
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PIC17C42 
PIC17C43* 


PIC17C44 









4K | 454 ITMRO,TMR1,|2/2| Yes { Yes | 11 | 33 | 2.5-6.0 40-pin DIP, 44-pin PLCC, 44-pin QFP 
ee res Oe eee eee ee eee 
8K | 454 ITMRO,TMR1,;/2;/2} Yes 7 Yes; 11 | 33 58 |40-pin DIP, 44-pin PLCC, 44-pin QFP 
Pe fimemes PP PP" TS peeee | Se eee 


Please contact your local sales office for availability of these devices. 
Note 1: All PiC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high !/O current capa- 
bility. 
2: The PiIC17C4X devices can also operate in microprocessor and external microcontroller modes. 
3: PORTB has software-configurable weak pull-ups. 





b-3 A1EVL 


S3SDIAAG SO ATINVA XXOLLOld 


4 XIGNaddV 


SYa TIOULNOOOUDIN ZL/9LOld 


XVOLLOId 


yc0l-z eBed-vzipoesa 


‘ou ABojouyoe | diyooislW S664 © 


Peripherals 


oy | 
















































Pic16cé2" | 20 | 2K 


iad TMRO cow 
iti _ 
192 TMRO, 

TMR1, TMR2 

ie 128 are 1] sPi/2c | Yes Fiat 
aie - 
a ioe 
at eae 
ead ee 
eres 


18-pin DIP, 18-pin SOIC 
28-pin SDIP, 28-pin SOIC 
28-pin SDIP, 28-pin SOIC 


13 | 3.0-6.0 

fad haa oot 
3,0-6.0 

pe) 33 | 3.0-6.0 


a) 

QO 

pare 

® 

‘@) 

rep) 

i¢) 

* 

> aw) . Not — 

44 
<= 
DD 
— © 
—-j 
= 
J 


v 
2 
(0?) 
@) 
= 
= 
os 
wij 
= 
ms) 
Nn 


os 


40-pin DIP, 44-pin PLCC, 44-pin QFP 


8 

5 aia aa 
40-pin DIP, 44-pin PLCC, 44-pin QFP 

5 =a — 

5 “eH — 


Yes | 4 | 13 | 3.0-6.0 | Yes |18-pin DIP, 18-pin SOIC, 20-pin SSOP 






=k 
© 
ie) 
| 
= 
ms) 
© 


PIC16C74 40-pin DIP, 44-pin PLCC, 44-pin QFEP 


18-pin DIP, 18-pin SOIC 


poeple al 

TMR1, TMR2 SCI 
picvecea | 20 [siz] — [80 |—|rwno f=] — [| : 
30 = fro 
pievecezz | 20 [aK [= [ve [— frre || — | —| Yes Yes 
picvecr’ | 20 [aK [— | 36 [—|twRo |p =] [3 [3080 
sociale bal bel inl Per} || |" 

TMR1, TMR2 SCI 
0 


: SPI/I2?C/| Yes | 8ch 12 | 33 | 3.0-6.0 
TMR1, TMR2 SCI 


a net Roe CE 
ease contact your local sales office for availability of t i 


Note 1: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high I/O current capability. 

: The PIC16CXX Timer1 has its own oscillator circuit-and can operate asynchronously to the device. Timer1 can increment while the device is in SLEEP mode. 
This allows a Real Time Clock to be implemented. 
3: PORTB has software-configurable weak pull-ups. 
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Peripherals 

















18-pin DIP, 18-pin SOIC, 20) pin SSOP 
18-pin DIP, 18-pin SOIC, 20 pin SSOP 
18-pin DIP, 18-pin SOIC, 20 pin SSOP 
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0 
prereosea | 20 fax |—| 73 | tro | v2 [esans, 


Note: All PIC16/17 Family devices have Power-On Reset, selectable Watchdog Timer, selectable code protect and high !/O current 
capability. 
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E.1 Pin Compatibilit 


Devices that have the same package type; and VDD, 
Vss, and MCLR pin locations, are said to be pin com- 
patible. This allows these different devices to operate in 
the same socket. Compatible devices may only 
requires minor software modification to allow proper 
operation in the application socket (ex., PIC16C56 and 
PIC16C61 devices). Not all devices in the same pack- 
age size are pin compatible; for example, the 
PIC 16C62 is compatible with the PIC16C63, but not the 
PIC16C55. 


Pin compatibility does not mean that the devices offer 
the same features. As an example, the PIC16C54 is 
pin compatible with the PIC16C71, but does not have 
an A/D converter, weak pull-ups on PORTB, or inter- 
rupts. 


TABLE E-4: PIN COMPATIBILE DEVICES 







Pin Compatible Devices Package 






PIC16C61, 
PIC16C620, PIC16C621, PIC16C622, 
PIC16C71, PIC16C84, 

PIC16C54, PIC16C54A, PIC16CR54, 
PIC16C56, PIC16C58A, PIC16CR58A 
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APPENDIX F: ERRATA FOR 
PIC17C42 SILICON 


The PIC17C42 devices that you have received have 
the following anomalies. At present there is no intention 
for future revisions to the present PIC17C42 silicon. If 
these cause issues for the application, it is recom- 
mended that you select the PIC17C43 device. 


—_, 


When the Oscillator Start-Up Timer (OST) is 
enabled (in LF or XT osciliator modes), any 
interrupt that wakes the processor may cause a 
WDT reset. This occurs when the WDT is 
greater than or equal to 50% time-out period 
when the SLEEP instruction is executed. This 
will not occur in either the EC or RC oscillator 
modes. 


Work-arounds 


a) Always ensure that the CLRWDT instruction is 
executed before the WDT increments past 50% 
of the WDT period. This will keep the “false” 
WDT reset from occurring. 


b) When using the WDT as a normal timer (WDT 
disabled), ensure that the WDT is less than or 
equal to 50% time-out period when the SLEEP 
instruction is executed. This can be done by 
monitoring the TO bit for changing state from set 
to clear. Example 1 shows putting the PIC17C42 
to sleep. 


EXAMPLE F-1: PIC17C42 TO SLEEP 
BTFSS CPUSTA, TO ; TO = Q? 
CLRWDT ; YES, WDT = 0 
LOOP BTFSC CPUSTA, TO ; WDT rollover? 
GOTO LOOP ; NO, Wait 
SLEEP ; YES, goto Sleep 


nN 


When the clock source of Timer1 or Timer2 is 
selected to external clock, the overflow interrupt 
flag will be set twice, once when the timer equals 
the period, and again when the timer value is 
reset to Oh. If the latency to clear TMRxIF is 
greater than the time to the next clock pulse, no 
problems will be noticed. If the latency is less 
than the time to the next timer clock pulse, the 
interrupt will be serviced twice. 


Work-arounds 


a) Ensure that the timer has rolled over to Oh 
before clearing the flag bit. 

b) Clear the timer in software. Clearing the timer in 
software causes the period to be one count less 
than expected. 
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CONNECTING TO MICROCHIP BBS 


Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In most 
cases a local call is your only expense. The Microchip 
BBS connection does not use CompuServe member- 
ship services, therefore you do not need CompuServe 
membership to join Microchip’ s BBS. 


There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a Com- 
puServe member to take advantage of this connection 
(you never actually log in to CompuServe). | 


The procedure to connect will vary slightly from country 

to country. Please check with your local CompuServe 

agent for details if you have a problem. CompuServe _. Trademarks: 

service allows multiple users at baud rates up to 14400 PICMASTER and PICSTART are registered 


PPS trademarks of Microchip Technology Incorporated. 


The following éennect procedure applies in most loca- PIC is a registered trademark of Microchip 

tions: Technology Incorporated in the U.S.A. 

1. Setyour modem to 8 bit, No parity, and One stop PRO MATE, fuzzyLAB, the Microchip logo and 
(8N1). This is not the normal CompuServe set- name are trademarks of Microchip Technology 
ting which is 7E1. | Incorporated. 

2. Dial your local CompuServe access number. fuzzyTECH is a registered trademark of Inform 

3. Depress <ENTER.!> and a garbage string will Software Corporation. 
appear because CompuServe is expecting a 

71 setting. |?C is a trademark of Philips Corporation. 

4. Type +, depress <ENTER.I> and Host Name: IBM, IBM PC-AT are registered trademarks of 
will appear. Intemational Business Machines Corp. 


5. Type MCHIPBBS, depress < ENTER. > and 
you will be connected to the Microchip BBS. 


Pentium is a trademark of Intel Corporation. 


MS-DOS and Microsoft Windows are registered. 
trademarks of Microsoft Corporation. Windows is a 


In the United States, to find CompuServe's phone num- 
ber closest to you, set your modem to 7E1 and dial 


(800) 848-4480 for 300-2400 baud or (800) 331-7166 raceme Ot Microrol Cemoraton: 

for 9600-14400 baud connection. After the system CompuServe is a registered trademark of 
responds with Host Name:, type _ CompuServe Incorporated. 

NETWORK, depress < ENTER. > All other trademarks mentioned herein are the 





and follow CompuServe's directions. | property of their respective companies. 


For voice information (or calling from overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


Re eng ne an TP ABER ETE TEE ESE EL TI SEE TI AP IEE TIE SS SILT TS DLS ST TEE I EIS DTTC TEE DO NE IE GE ECE COT RSE ETRE NITE CEE AEP SSSI CS GE TOE ETSI EEE GEE EI EE TEE DI A TEENIE Ea TESS DEE ID TE FEED EET RT LEC EIEIO LETT, 


DS30412A-page 2-1038 © 1995 Microchip Technology inc. 


PIC17C4X 





READER RESPONSE 


It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod- 
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation 
can better serve you, please FAX your comments to the Technical Publications Manager at (602) 786-7578. 


Please list the following information, and use this outline to provide us with your comments about this Data Sheet. 


To: Technical Publications Manager Total Pages Sent 
RE: Reader Response 


From: Name ——s—“—‘“‘“‘iéO UU 


Company 
Address 
City / State / ZIP / Country 


Telephone: ( ) - FAX: ( ) 7 
Application (optional): 


Would you like a reply? Y N 


Device: PIC17C4X Literature Number: DS30412A 


Questions: 


1. What are the best features of this document? 

2. How does this document meet your hardware and software development needs? 

3. Do you find the organization of this data sheet easy to follow? If not, why? 

4. What additions to the data sheet do you think would enhance the structure and subject? 

5. What deletions from the data sheet could be made without affecting the overall usefullness? 
6. Is there any incorrect or misleading information (what and where)? 

7. pam would you improve this document? 


8. How would you improve our software, systems, and silicon products? 





© 1995 Microchip Technology Inc. DS30412A-page 2-1039 





PIC17C4X 


PIC17C4X Pr t Identification tem 


To order or obtain information, e.g., on pricing or delivery refer to the factory or the listed sales office. 








PART NO. -XX X /XX XXX | Examples 
Pattern: QTP, SQTP, ROM Code (factory specified) or a) PIC17C42-16/P 
Special Requirements. Blank for OTP an Commercial Temp., 
Windowed devices PDIP Package, 
Package: a = PDIP (600 il 16 MHz, 
= mi i 
PQ = MOQFP (Metric PQFP PIC17C42 only) permet VO Bae 
PT = TQFP PIC17LC44 - 08/PT 
L = PLCC Commercial Temp., 
Temperature - = 0°C to +70°C TQFP package, 
Range: | = -40°C to +85°C 8 MHz, 
Fraciane 08 = 8MHz extended Vop limits 
Saige: : 16 = 16MHz PIC17C43 - 251/P 
25 = 25 MHz Industrial Temp., 
Device PIC17C44 —_—:Standard Vop range PDIP package, 
PIC17C44T ‘Lape and Reel) 25 MHz, 
PIC17LC44_ ~—:Extended Vop range normal VD0 limits 


PIC17LC44T :(Tape and Reel) 





Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 












1. Your local Microchip sales office (see below) 
2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 
3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 


Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 
For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 


LAE REE NES DOE OES SR PS ENO TS OE CC A a ON OIE ERNE ST TE IIT aT OEE 
“Information contained in this publication regarding device applications and the like is intended by way of suggestion only. No representation of warranty is given and no liability is assumed by Microchip 
Technology Inc. with respect to the accuracy or use of such information. Use of Microchip's products as critical components in life support systems is not authorized except with express written approval by 
Microchip. The Microchip logo and name are trademarks of Microchip Technology Incorporated. All rights reserved. All other trademarks mentioned herein are the property of their respective companies. 
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EPROM Memory Programming Specification 








This document includes the programming PIN CONFIGURATIONS 
specifications for the following devices: S icGIe SEED Nitd 
© PIC16C54 © PICI6CR54 OIE SIG, en 
e PIC16C54A e PIC1I6CR57A 
e PIC16C55 e PICI6CR58A we, 
e PIC16C56 
e PIC16C57 = S = 161] «—— OSC1/CLKIN 
e PIC1I6C58A os sf 15[J—» OSC2/CLKOUT 
28 3 
INTRODUCTION > § 
> 
Overview 


The PIC16C5X Series is a family of single-chip CMOS 
microcontrollers with on-chip EPROM for program stor- 
age. The programming specification also applies to 
ROM products for verification only. 


Due to the special architecture of these microcontrol- 
lers (12-bit wide instruction word) and the low pin 
counts (starting at 18 pins), the EPROM programming 
methodology is different from that of standard (byte- 
wide) EPROMs (e.g., 27C256). 


The PIC16C5X Series can be programmed by applying 
the 12-bit wide data word to the 12 available I/O pins 
while the address is generated by the on-chip Program 
Counter. The MCLR/VPppP pin provides the programming 
supply voltage (VPP). Programming/verify chip enable 
is controlled by the TOCKI pin while the OSC1 pin con- 
trols the Program Counter. 





LZS9919Id 
GS99LDId 


This document describes all the programming details of 
the PIC16C5X Series and the requirements for pro- 
gramming equipment to be used from programming 
prototypes in the engineering lab up to high volume pro- 
gramming on the factory floor. 


PIN DESCRIPTIONS (DURING PROGRAMMING): PIC16C54/54A/56/58a, PIC16C55/57 


During Programming 
|__PinName | __PinType 
TOCKI PROG/VER Program pulse input/verify pulse input 
































eee are! 
| oscr | incre, | |__| increment Program Counter input 
| MotRive | ver | SP  ProgrammingPower 
voo | oo | 
Vss a ae 








PP 
[ves Ves 


Legend: | = input, O = Output, P = Power 
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1.0 PROGRAM/VERIFY MODES 


The PIC16C5X Series uses the internal Program 
Counter (PC) to generate the EPROM address. VpP is 
supplied through the MCLR pin. | 


The TOCKI pin acts as chip enable, alternating between 
programming and verifying. , 


The OSC1 pin is used for incrementing the PC. 


Data is applied to, or can be read on PORTA and 
PORTB (MSB on RB7, LSB on RAO). 


The programming/verify mode is entered by raising the 
level on the MCLR pin from Vit to VHH (= VPP) while the 
TOCKI pin is held at ViH and the OSC1 pin is held at VIL. 


The Program Counter now has the value “OxFFF”, 
because MCLR was at ViL before. This condition 
selects the configuration word as the very first EPROM 
location to be accessed after entering the program/ver- 
ify mode. 


Since the MCLR pin was initially at ViL, the device is in 
the reset state (the I/O pins are in the reset state). 


Incrementing the PC once (by pulsing the OSC1 pin) 
selects location “Ox000” of the user program memory. 
Afterwards all other memory locations from OOth 
through end of memory can be addressed by incre- 
menting the PC . 


if the Program Counter has reached the last address of 
the user memory area (e.g. “Ox1FF” for the PIC16C54/ 
55), and is incremented again, the on-chip special 
EPROM area will be addressed. (See Figure 1-2 to 
determine where the special EPROM area is located for 
the various PIC16C5X devices). 


1.1 Progra rify without PC Increment 


After entering the program/verify mode, pulsing the 
TOCKI pin LOW programs the data present on PORTA 
and PORTB into the memory location selected by the 
Program Counter. The duration of the TOCKI LOW time 
determines the length of the programming pulse. 


Pulsing the TOCKI pin LOW again without changing the 
signals on MCLR and OSC1 puts the contents of the 
selected memory location out on PORTA and PORTB 
for verification of a successful programming cycle. This 
verification pulse on TOCKI can be much shorter than 
the programming pulse. If the programming was not 
successful, TOCK! can be pulsed LOW again to apply 
another programming pulse, followed again by a 
shorter TOCK! LOW pulse for another verification cycle. 


This sequence can be repeated as many times as 
required until the programming is successful. 


1.2 Verify with PC Increment | 


If a verification cycle shows that programming was suc- 


- cessful, the Program Counter can be incremented by 


keeping the TOCKI input at a HIGH level while pulsing 


the OSC1 input HIGH. When both TOCKI and OSC1 are 


HIGH, the contents of the selected memory location is 
put out on Ports A and B (= Verify). The falling edge of 
OSC1 will increment the Program Counter. 


A fast VERIFY- ONLY with automatic increment of the 
PC can be performed by entering the program/verify 
mode as described above and then clocking the OSC1 
input. If OSC1 is HIGH, the selected memory location 
is output on Ports A and B, while the falling edge of 
OSC1 will increment the Program Counter. Thus, the 
first memory location to be verified after entering the 
program/verify mode, is the configuration word. The 
next location is 000h followed by 001h and so on. The 
program memory location “N” can be reached by gen- 
erating “N + 1” falling edges on OSC1. When OSC1 is 
brought HIGH again, the contents of address “N” are 
output on Ports A and B as long as OSC stays HIGH. 


1.3 Programming/Verifying 
Configuration Word 


The configuration word is logically mapped at program 
memory location “OxFFF”. The PC points to the config- 
uration word after MCLR pin goes from LOW to VHH 
(HIGH). The configuration word can be programmed or 
verified using the techniques described in Section 1.1 
and Section 1.2. | 7 


lf PC is incremented, the next location it will point to is 
“Ox000” in user memory. Incrementing PC 4096 times 
will not allow the user to point to the configuration word. 
The only way to point to it again is to reset and re-enter 
program mode. 
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1.4 Programming Method 


The programming technique is described in the follow- 
ing section. It is designed to guarantee good program- 
ming margins. It does, however, require a variable 
power supply for Vcc. 


1.4.1. PROGRAMMING METHOD DETAILS 


Essentially, this technique includes the following steps: 


1. Perform blank check at VDD = VDD min. Report 
failure. The device may not be properly erased. 


2. Program location with pulses (100us typically) 
and verify after each pulse at VDD = VDDP: 
where VDDP = VDD range required during pro- 
gramming (4.5V - 5.5V). 


a) Programming condition: 
VPP = 13.0V to 13.25V 
VopD = VoppP = 4.5V to 5.5V 


VPP must be > VDD + 7.25V to keep “programming 
mode” active. 


b) Verify condition: 
Vbb = VppP 
Vpp > VbD + 7.5V but not to exceed 13.25V 


If location fails to program after “N” pulses, (sug- 
gested maximum program pulses of 25) then 
report error as a programming failure. 





3. Once location passes “Step 2", apply 3X over- 
programming, i.e., apply three times the number 
of pulses that were required to program the loca- 
tion. This will guarantee a solid programming 
margin. The overprogramming should be made 
“software programmable” for easy updates. 


4. Program all locations. 


5. Verify all locations (using speed verify mode) at 
VDD = VDD min. 


6. Verify all locations at VDD = VDD max. 
VDD min. is the minimum operating voltage spec. 


for the part. VDD max. is the maximum operating 
voltage spec. for the part. 
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142 SYSTEM REQUIREMENTS 


Clearly, to implement this technique, the most stringent 
requirements will be that of the power supplies: 


Vpp: VPP can be a fixed 13.0V to 13.25V supply. It 
must not exceed 14.0V to avoid damage to the pin and 
should be current limited to approximately 100mA. 


Vpp: 2.0V to 6.5V with 0.25V granularity. Since this 
method calls for verification at different VoD values, a 
programmable VDD power supply is needed. 


Current Requirement: 40mA maximum 


Microchip may release PIC16C5Xs in the future with 
different VDD ranges which make it necessary to have 
a programmable VbD. 


It is important to verify an EPROM at the voltages spec- 
ified in this method to remain consistent with 
Microchip's test screening. For example, a PIC16C5X 
specified for 4.5V to 5.5V should be tested for proper 
programming from 4.5V to 5.5V. 





1.4.3 SOFTWARE REQUIREMENTS 


Certain parameters should be programmable (and 
therefore easily modified) for easy upgrade. 


a) Pulse width, current value 100ps. 

b) Maximum number of pulses, current limit 25. 

c) Number of over-programming pulses: should be 
= (A e N) + B, where N = number of pulses 
required in regular programming. In our current 
algorithm A = 3, B=0. 


1.5 Programming Pulse Width 


Normal EPROM Cells: When programming one word 
of EPROM, a programming pulse width (TPW) of 100s 
is recommended. 


The maximum number of programming attempts 
should be limited to 25 per word. 


After the first successful verify, the same location 
should be over-programmed with 3X over-program- 
ming. 


Configuration Word: The configuration word for oscil- 
lator selection, WDT (watchdog timer) disable and code 
protection, requires a programming pulse width (TPWF) 
of 10ms. A series of 100us pulses is preferred over a 
single 10ms pulse. 
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FIGURE 1-1: PROGRAMMING METHOD 


con 


Blank Check 
@ VpbpD = Vpp min. 


Report Possible Erase Failure 
. N Continue Programming 
° "at user’s option 
Report Programming Failure 
Yes 


Yes 





Program 1 Location 


@ VpP = 13.0V to 13.25V 
Vpb = VppP 





IK 


de N=N+1 
(N = # of program pulses) 
| Yes 
Increment PC to point to Apply 3N additional 
next location, N = 0 program pulses 


All 
locations 
No done? 


Yes | 
Verify all locations 
@ Vop=Vpp min. — 


No 
Report verify failure 
(me | @ VoD min. 


Yes 
Verify all locations 
@ VDD = VDD max. 

















Report verify failure 
@ VDD max. 


Verify Configuration Word 
@ Vop max. & VopD min. 
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FIGURE 1-2: PIC16C5X SERIES PROGRAM MEMORY MAP IN PROGRAM/VERIFY MODE 
Address 144 Bit Number 0 


(Hex) 000 a 


User Program Memory 
(NNN + 1) x 12 bit 






NNN 

TTT 

TTT + 1 | For Customer Use 
1142 5 6 D2 (4 x 4 bit usable) 


TIT +4 | 0 | 0 ID3 


For Factory Use 


TTT + 3F 





(FFF) Configuration Word 4 bit 


NNN Highest normal EPROM memory address. NNN = Ox1FF for PIC16C54, 54A, 55. 
NNN = Ox3FF for PIC16C56 and Ox7FF for PIC16C57, 58A. 


TTT Start address of special EPROM area and ID Locations. 


1.6 Special Memory Locations EXAMPLE 1-1: CUSTOMER CODE 0xD1E2 


The Customer ID code “OxD1E2” should be stored in 


The ID Locati is onl bled if the device is i 
" ee ee ee hi the ID locations 200-203 like this: 


a test or programming/verify mode. Thus, in normal 


operation mode only the memory location 0x000 to 200: 0000 0000 1101 
OxNNN will be accessed and the Program Counter will 201: 0000 0000 0001 
just roll over from address OxNNN to 0x000 when incre- 202: 0000 0000 1110 
mented 203: 0000 0000 0010 


The configuration word can only be accessed immedi- Reading these four memory locations, even with the 
ately after MCLR going from ViL to VHH. The Program code protection bit programmed would still output on 
Counter will be set to all '1's upon MCLR= VIL. Thus, Port A the bit sequence °1101", “0001”, "1110", "0010 
it has the value “OxFFF” when accessing the configura- : 
tion EPROM. Incrementing the Program Counter once 
by pulsing OSC1 causes the Program Counter to roll 
over to all ‘0's. Incrementing the Program Counter 4K 
times after reset (MCLR = VIL) does not allow access to 
the configuration EPROM. 








1.6.4 CUSTOMER ID CODE LOCATIONS 


Per definition, the first four words (address TTT to TTT 
+ 3) are reserved for customer use. It is recommended 
that the customer use only the four lower order bits (bits 
0 through 3) of each word and filling the eight higher 
order bits with ‘O's. 


A user may want to store an identification code (ID) in 
the ID locations and still be able to read this code after 
the code protection bit was programmed. This is possi- 
bie if the ID code is only four bits long per memory loca- 
tion, is located in the least significant nibble boundary 
of the 12-bit word, and the remaining eight bits are all 
‘O's. 





© 1995 Microchip Technology Inc. DS30190D-page 3-5 


PIC16C5X | 





2.0 CONFIGURATION WORD 


The configuration word is the very first memory location 
' which is accessed after entering the program/verify 
mode of the PIC16C5X. It contains the two bits for the 
selection of the oscillator type, the watchdog timer 
enable bit, and the code protection bit. All other bits (4 
through 11) are read as ‘1's. 


ages are marked “PICIGC5XHS”, “PIC16C5XXT’, 
“PIC16C5XLP”, or “PIC16C5XRC”. Therefore, it is 
essential that the inputs RAO and RA1 are held at ‘1's 
when programming the “WDTE” and/or the “CP” bit of 
the configuration word. Otherwise, the factory tested 
and selected oscillator configuration could be overwrit- 
ten and the functionality of the device is not guaranteed 
any more. 


One-Time-Programmable (OTP) devices may have the 
oscillator configuration bits “FOSCO” and “FOSC1” set 
by the factory and are tested accordingly. The pack- 


FIGURE 2-1: CONFIGURATION WORD BIT MAP 





Bit Number: 1 


1 10 9 8 7 6 5 4 3 2 1 0 
ome — TP - | [1 - 1 — |e [wore [r08errco 
PIC16C5X CP WDTE j FOSC1 | FOSCO 


RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO RAS RA2 RA1 RAO 










CONFIGURATION BIT FUNCTIONALITY (PIC16C54/55/56/57/C54A/C58A/CR54/CR57A) 
RA3-RA11 RA2 RA RAO | 

cht | ire | roger | roses | —__Fameton | Remark 
Memory Unprotected 


Memory protected 


Watchdog Timer enabled | Default 
Watchdog Timer disabled | 


mate _ 


TABLE 2-1: 































HS - High Speed Crystal 
XT - Standard Crystal 
LP - Low Frequency Crystal 







Legend: 1= Erased (apply HIGH Level to I/O pin during program) 
0 = Written (apply LOW Level to I/O pin during program). 
x = Don’t Care 


SAE A Ne TENE DER A A NE SSE OR OT SUA ESOT SP TST RL ER Le Re 2 SEAT ET ECR NE 
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TABLE 2-2: CONFIGURATION WORD 
PIC16C54 (CP enable pattern: XXXXXXXXOXXX) 


Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 
Configuration Word (OxFFF) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
















ID Words [0x200 : 0x203] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
[0x040 : Ox1FF] Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 
[0x000 : Ox03F] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 


PIC16C54A (CP enable pattern: XXXXXXXXOXXxX) 

















Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 
[0x000 : Ox03F] 


PIC16CR54 (CP enable pattern: XXXXXXXXOXXxX) 


Read Unscrambled 


PIC16C55 (CP enable pattern: XXXXXXXXOXXX) | 
R/W in Unprotected Mode 































Read Unscrambled, Write Enabled 
(0x00 : OxO3F] 


PIC16C56 (CP enable pattern: XXXXXXXXOXXX) 


Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode | 


Configuration Word (OxFFF) Read Scrambled, Write Enabled ead Unscrambled, Write Enabled 
ID Words [0x400 : 0x403] Read Scrambled, Write Enabled ead Unscrambled, Write Enabled 




















DD 


{0x040 : Ox3FF] Read Scrambled, Write Disabled ead Unscrambled, Write Enabled 
{Ox000 : Ox03F] Read Scrambled, Write Enabled ead Unscrambled, Write Enabled 


PiC16C57 (CP enable pattern: XXXXXXXXOXXX) 


me) 





BS) 
























PIC16CR57A (CP enable pattern: XXXXXXXXOXXX) 


[Configuration Word (OxFFF) [Read Sorambled | Read Unscrambled 
Read Unscrambled 
Read Unscrambled 


a aT RE RY A A IP SI I TIDE A TT SH I SEPT EIDE TET AE TIS T TITRE PETE LOE I SST ETE ETT PETE PEATE SP DE LSE EEE ET I TE IR DE SALE I ETE TT TIE EE ITB EI GE SD EES TEI ATES 
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PIC16C58A (CP enable pattern: XXXXXXXXOXXX) 


Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 


Configuration Word (OxFFF) : 






















| 


PIC16CR58A (CP enable pattern: 000000000XXX) 


























Legend: X = Don’t care 


2.1 Code Protection 


The program code written into the EPROM can be pro- 
tected by writing to the "CP" bit of the configuration 
word. All memory locations starting at 0x40 and above 
are protected against programming. It is still possible 
to program locations 0x00 through Ox3F, the ID loca- 
tions, and the configuration word. 





2.1.1 PROGRAMMING LOCATIONS 0x000 TO 
Ox03F AFTER CODE PROTECTION | 


In a code protected part, these locations will program 
with the exception of the PIC16CRXX devices. They will 
read back scrambled data, with the exception of 
PIC16CR54A and PIC16CRS58A. In any event, the pro- 
grammer cannot verify the device once it is code pro- 
tected. 


In code protected parts, specifically PIC16C54/ C54A/ 
CR54/C55/C56/C57 devices, the contents of the pro- 
gram memory cannot be read out in a way that the pro- 
gram code can be reconstructed. A location when read 
out will read as: 0000 0000 xxxx where xxxx is the XOR 
of the three nibbles. 


For example, if the memory location contains 0xC04 
(moviw 4), after code protection the output will be 
0x008. 


In addition, all memory locations starting at 0x40 and 
above are protected against programming. It is still pos- 
sible to program locations Ox000 through Ox03F and 
the configuration word. However, performing a verify 
with activated code protection logic puts a 4-bit wide 
“checksum” on-PORTA while the 8-bits of PORTB are 
read as ‘0's. The checksum is computed as follows: 


[Ox000 : Ox03F] ae Read Unscrambled : Read Unscrambled | 





The four high order bits of an instruction word are 
"XOR’ed" with the four middle and the four low order 
bits, and the result is transferred to PORTA. All memory 
locations are affected. 


To program location 0x000 to Ox03F in a code protected 
part, the programmer should program one nibble at a 
time and verify the result through the XOR’ed output. 
For example, to program a location with OxAQ3, first 
program the location with OxFF3, verify checksum to be 
0x003; then program the location with OxF93 and verify 
the XOR’ed output to be 0x00C and finally program the 
location with OxA93 and verify the read-out to be 0x006. 


2.2 HECKSUM COMPUTATION 
2.2.1. CHECKSUM 


Checksum is calculated by reading the contents of the 
PIC16C5X memory locations and adding up the 
opcodes up to the maximum user addressable location, 
e.g., Ox1FF for the PIC16C54/55. Any carry bits 
exceeding 16-bits are neglected. Finally, the configura- 
tion word (appropriately masked) is added to the check- 
sum. Checksum computation for each member of the 
PIC16C5X devices is shown in Table 2-3. 


. . 
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TABLE 2-3: CHECKSUM COMPUTATION 
0x723 at O 
and max 


Value 
address 
PIC16C54 OFF SUM[0x000:0x1 FF] + CFGW & OxFFF OxODFF OxFC47 
O SUM_XOR4[0x000:0x1FF] + CFGW & OxO0F 0x1E07 0x1DF5 
PICI6C54A OFF SUM[0x000:0x1FF] + CFGW & OxFFF OxODFF OxFC47 
SUM_XOR4[0x000:0x1FF] + CFGW & OxO0OF 0x1E07 0x1DF5 
PIC16CR54 OFF SUM[0x000:0x1FF] + CFGW & OxFFF OxODFF |— 
ON SUM_XOR4[0x000:0x1FF] + CFGW & OxOOF 0x1E07 — 


l 
PIC16C55 OFF SUM[0x000:0x1FF] + CFGW & OxFFF OxODFF | OxFC47 
SUM_XOR4[0x000:0x1FF] + CFGW & Ox00F ; Ox1E07 |0xiDF5 
































PIC16C57 OFF SUM[0x000:0x7FF] + CFGW & OxFFF Ox07FF | OxF647 
| GN lsum Sonsouocorerys crew acer lowear [acres 
PIC16CR57A OFF SUM[0x000:0x7FF] + CFGW & OxFFF ae a 
SUM_XOR4[0x000:0x7FF] + CFGW & Ox00F 0x7807 
PIC16C58A OFF SUM[0x000:0x7FF] + CEGW & OxFFF Ox07FF | OxF647 
O SUM_XOR4[0x000:0x7FF] + CFGW & Ox00F 0x7807__‘| Ox77F5 
PIC16CR58A OFF SUM[0x000:0x7FF] + CFGW & OxFFF 0x07FF 
ON _[SuMboooOGr]rCrEW SOx suMID ——_loweooe [= 


Legend: CFGW = Configuration Word 

SUM[a:b] = Sum of locations a through b inclusive 

SUM_XOR4[a:b] = XOR of the four high order bits with the four middle and the four low of memory location order bits 
summed over the locations a through b inclusive. For example, location_a = 0x123 and 
location_b = 0x456, then SUM_XOR [location_a : location_b] = 0x0007. 

SUM_ID = ID locations masked by OxF then made into a 16-bit value with IDO as the most significant nibble. 

For example, IDO = 0x1, ID1 = Ox2, ID3 = 0x3, ID4 = 0x4, then SUM_ID = 0x1234. 
*Checksum = Sum of all individual expressions modulo [OxFFFF] 


N 

ON 

ON 
PIC16C56 OFF SUM[0x000:0x3FF] + CFGW & OxFFF OxOBFF | OxFA47 
ON SUM_XOR4[0x000:0x3FF] + CFGW & OxO0F Ox3C07 | Ox3BF5 

ON 

ON 

N 





2.3 Embedding Configuration Word and ID Information in the Hex File 








Lae iD SE I TT ET ER EEE SE DoE I ES PSI EPS EE TT TTL EE ET EE PI DCE GLE STE SRI TEES IES ELE SEIS IS EE ETT TENE OTE TOT TEE EA PTE OES ATED 
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3.0 PIC16C5X HEX DATA 
FORMATS 


MPASM assembler is capable of outputting several dif- 
ferent object file formats, suitable for a variety of pro- 
grammers. A PIC16C5X programmer must be able to 
accept and send data in one of the following formats: 8- 
bit Split Format (.HXL/.HXH) and Intel® HEX Format 


(.HEX). The 8-bit merged (INHX8M) format is preferred. — 


3.1 8-bit Split Format (.HXL/.HXH) | 


The Intellec™ split 8-bit file format produces two output 
files: .HXL and .HXH. The format is the same as the 
normal 8-bit format, except that the low bytes of the 
data word are stored in the .HXL file, and the high bytes 
of the data word are stored in the .HXH file. 


EXAMPLE 3-1: 
<FILENAME>. HXL: 


: OADDD00000000000000000000000F6 

: OAN0000000000000000000000000F6 
:1000190000284068A8E8C82868A989ERA28086ABFAA 
:10002900E0E82 868BFE8C80808080343 03E8E8FFDO 
:03003900FFFF19AD 

:Q0O000001FF 


EXAMPLE 3-2: 


<FILENAME>. HXH: 


: 0OA0D0000000000000000000000000F6 

: 0A00000000000000000000000000F6 
:1000190000000000000000010101010102020202CA 
:100029000202030303030304040404050607070883 
:0300390008080AAA . 

:00000001FF 


3.2 Intel HEX Format (HEX) 


This format produces one 8-bit HEX file with a low byte, 
high byte combination. Since each address can only 
contain 8 bits in this format, all addresses are doubled. 
This format is useful for transferring PIC16C5X series 
object code to third party EPROM programmers. 


EXAMPLE 3-3: 


<FILENAME>.HEX 


:0400100000000000EC 
:1000000000000000000000000000000000000000F0 
:0400100000000000EC ; 
:100032000000280040006800A800E800C80028016D_ 
:100042006801A9018901EA01280208026A02BF02C5 
:10005200E002E80228036803BF03E803C8030804B8 
:1000620008040804030443050306E807E807FF0839 
:06007200FFO8FF08190A57 

: 00000001 FF 


3.3 8-Bit Word Format 


Each data record begins with a nine character prefix 
and ends with a two character checksum. Each record 
has the following format: 


: BBAAAATTHHHH. .. .HHHCC 
Where: | 
BB Two-digit hexadecimal byte count representing 


the number of data words that will appear on the 
line. 


AAAA Four-digit hexadecimal address representing 
the starting address for the data record. 


TT  Two-digit record type that will always be ‘OO’ 
except for the end-of-file record which is set to 
‘Ot". 

HH  Two-digit hexadecimal data word. 


CC  Two-digit hexadecimal checksum that is the 
two's compliment of the sum of all preceding 
bytes in the record including the prefix. 
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4.0 PROGRAM/VERIFY MODE ELECTRICAL CHARACTERISTICS 


4.1 DC Program Characteristics 
TABLE 4-1: DC CHARACTERISTICS (TA = +10°C TO +40°C) 


[characterises [Symbt|_in 
475 
Supply Current (from VbDp) 

Supply Voltage during verify 


Voltage on MCLR to stay in Program/Verify Vpd+3 
Modes 


Voltage on MCLR during programming 12. 


Supply current from programming voltage 
source 


Current into MCLR pin during programming 
(TOCKI=0) 
Input Low Voltage 





Note 1: Device must be verified at minimum and maximum operating voltages specified in the data sheet. 


4.2 AC Program and Test Mode Characteristics 


TABLE 4-2: AC CHARACTERISTICS (TA = +10°C TO +40°C, VoD = 5.0V + 5%) 


Characteristics | Symbol) Min | Typ _| Max | Units| Conditions 


MCLARiseTime Ss | sot | ots | 40 | 5 [us | 
erm attine —___} 98 f 20) 8p 
.O 
250 










| 1.0 2 eae: 
Taco | 
1.0 | 
i no 





fas coed 
| Taco _| ae 
a 
— 
Output Enable Time | toe | o | | 400 | 
ea a 
a 







Output Disable Time 


Programming Pulse Width 


eee 
Programming Pulse Width | Tewr | | 10,000 | 
per 


Recovery Time 


Configuration Word only 









Frequency on OSC1 For incrementing of the PC 


ART sa Re I a Sa eT No a a Ee SE Le TE 
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4.3 Timing Diagrams 
FIGURE 4-1: PROGRAMMING AND VERIFY TIMING WAVEFORM 


VHH1/VHH2 


| 
Toz TOE 


Data out Data out Data in Data in Data in 
(Config) (Config) (Config) (LOC 0x000) (LOC 0x000) (LOCdx 000) 


OxFFF 0x000 0x001 


(Internal) (PC pointing to Configuration Word) | | 
l 





FIGURE 4-2: SPEED VERIFY TIMING WAVEFORM 


TOCKI _/ 
5 od eee eo Gee 
OSC1 D 


Data out Data out Data out Data out 


: (Config) | : (0x001) ; (0x002) ; (0x003) | 


DATA 
(RB7:0, RA3:0) Tor — 


PC 
(Internal) 
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This document includes the programming PIN CONFIGURATIONS 
specifications for the following devices: | PDIP, Windowed CERDIP 
¢ PICI6C61 «© PIC16C620 eee” ee 
¢ PIC16C62 =» PIC16C621 ae 4 Dem 
e PIC16C64 e PIC16C622 Ba — : i a ae 
e PIC16C65 RA4/TOCKI -—> C] 6 = 35 L]=-—> AB2 
¢ PIC16C71 aE 4 ‘ re) = =pane RECT 
* PIC16C73 ne2——0 | BS Eves 
ones wed Balas 
OSC1/CLKIN ~—> Lj 13 oo) 28 LJ<~——> RD5 
1.0 PROGRAMMING THE meen — is SY 28 ner 
PIC16C6X/7X ea = Oe So-acs 
The PIC16C6X/7X can be programmed using the serial Bi eaetloe as Ra 
method. In serial mode the PIC16C6X/7X can be pro- 


grammed while in the users system. This allows for PDIP, SOIC, Windowed CERDIP (300 mil) 
increased design flexibility. 





1.1 Hardware Requirements Al ee 

RA2 ~<q——e- 
The PIC16C6X/7X requires two programmable power RA3 <> v 
supplies, one for VDD (2.0V to 6.5V recommended) and sana ae 2 
one for VPP (12V to 14V). Both supplies should have a Vss —— S 
minimum resolution of 0.25V. a 8 
OSC2/CLKOUT ~<—— Pm 

1.2 Programming Mode a: 

RC2 ~4-——» 

The programming mode for the PIC16C6X/7X allows RC3 <> 


programming of user program memory, special loca- 
tions used for !D, and the configuration word for the 
PIC16C6X/7X. 


RA4/TOCK! ———> L]3 


RBOINT ~t-—> L]6 


OC 
a 
9) 
ook 
a 
O 
o 
ok 
> 
wo 
a 
nN 
< 





Note: Peripheral pinout functions are not shown (see 
datasheets for full pinout information). 


PIN DESCRIPTIONS (DURING PROGRAMMING): PIC16C61/620/621/622/62/64/65/7 1/73/74 


[PinName | Pintype | __—_—~Pla Description 
a 
[P| Programming Power 

[von «doo «d+ Cm Supply 
[Pi Ground SSSCSC—S 
















Legend: | = input, O = Output, P = Power 
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2.0 PROGRAM MODE ENTRY 
2.1 User Program Memory Map 


The user memory space extends from Ox0000 to 
Ox1FFF (8K). Table 2-1 shows actual implementation 
of program memory in the PIC16C6X/7X family. 


TABLE 2-1: IMPLEMENTATION OF 
Program 


PROGRAM MEMORY IN THE 
Device | 
Memory 


PIC16C6X/7X 
16C64 0x000 - Ox7FF (2K) 
16C65 0x000 - OxFFF (4K) 
0 
0 






Access to 















Program Memory Size 













16C71 x000 - Ox3FF (1K) C<9:0> 


P 
16C73 x000 - OxFFF (4K) PC<11:0> 
16C74 Ox000 - OxFFF (4K) PC<11:0> 


When the PC reaches the last location of the imple- 
mented program memory, it will wrap around and 
address a location within the physically implemented 
memory (see Figure 2-1). 


In programming mode the program memory space 
extends from 0x0000 to Ox3FFF, with the first half 
(0x0000-0x1FFF) being user program memory and the 
second half (0x2000-0x3FFF) being configuration 
memory. The PC will increment from 0x0000 to Ox1FFF 
to 0x2000 to OxSFFF and wrap around to 0x2000 (not 
to 0x0000). Once in configuration memory, the highest 
bit of the PC stays a'1', thus always pointing to the con- 
figuration memory. The only way to point to user pro- 
gram memory is to reset the part and reenter program/ 
verify mode, as described in Section 2.2. 


In the configuration memory space, 0x2000-0x207F or 
0x2000-0x20FF are utilized. When in configuration 
memory, as in the user memory, the 0x2000-0x2XFF 
segment is repeatedly accessed as PC exceeds 
Ox2XFF (see Figure 2-1). 


A user may store identification information (ID) in four 
ID locations. The ID locations are mapped in [0x2000 : 
0x2003]. It is recommended that the user use only the 
four least significant bits of each ID location. In some 
devices, the ID locations read-out in a scrambled fash- 
ion after code protection is enabled. For these devices, 
it is recommended that ID location is written as "11 
1111 1000 bbbb" where ‘bbbb' is ID information. 


In other devices, the ID locations read out normally, 
even after code protection. To understand how the 
devices behave, refer to Table 3-1. 


To understand the scrambling mechanism after code 
protection, refer to Section 4.0.1. 
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FIGURE 2-1: PROGRAM MEMORY MAPPING 












0.5KW 1KW 2KW 4kKWw 
0 
2000 ID Location 1FFL_mplemented Implemented Implemented implemented 
3FF 





400 


7FF 
800 


BFF 
C00 


FFF 
1000 


2001 ID Location . 


Implemented implemented 
implemented = | 
implemented 





2002 ID Location | 


2003 ID Location 






2004 Reserved 


2005 Reserved 





2006 Reserved 


2007 | Configuration Word 


207F| Implemented implemented Implemented implemented 
20FF 


2100 





3FFF 
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2.2 Program/Verify Mode 


The program/verify mode is entered by holding pins 
RB6 and RB7 low while raising MCLR pin from Vit to 
VIHH (high voltage). Once in this mode the user pro- 
gram memory and the configuration memory can be 
accessed and programmed in serial fashion. The 
mode of operation is serial, and the memory that is 
accessed is the user program memory. RB6 is a 
Schmitt trigger input in this mode. 


The sequence that enters the device into the program- 
ming/verify mode places all other logic into the reset 
state (the MCLR pin was initially at ViL). This means 
that all I/O are in the reset state (High impedance 
inputs). 





2.2.1. SERIAL PROGRAM/VERIFY OPERATION 


The RB6 pin is used as a clock input pin, and the RB7 
pin is used for entering command bits and data input/ 
output during serial operation. To input a command, the 
clock pin (RB6) is cycled six times. Each command bit 
is latched on the falling edge of the clock with the least 
significant bit (Isb) of the command being input first. 
The data on pin RB7 is required to have a minimum 
setup and hold time (see AC/DC specs) with respect to 
the falling edge of the clock. Commands that have data 
associated with them (read and load) are specified to 
have a minimum delay of 1s between the command 
and the data. After this delay the clock pin is cycled 16 
times with the first cycle being a start bit and the last 


cycle being a stop bit. Data is also input and output Isb 
first. Therefore, during a read operation the Isb will be 
transmitted onto pin RB7 on the rising edge of the sec- 
ond cycle, and during a load operation the Isb will be 
latched on the falling edge of the second cycle. A min- 
imum ips delay is also specified between consecutive 


- commands. 


All commands are transmitted Isb first. Data words are 
also transmitted Isb first. The data is transmitted on the 
rising edge and latched on the falling edge of the clock. 
To allow for decoding of commands and reversal of data 
pin configuration, a time separation of at least tus is 
required between a command and a data word (or 
another command). 


The commands that are available are: — 
2.2.1.1 LOAD CONFIGURATION 


After receiving this command, the program counter 
(PC) will be set to Ox2000. By then applying 16 cycles 
to the clock pin, the chip will load 14-bits a “data word” 


as described above, to be programmed into the config- 


uration memory. A description of the memory mapping 
schemes for normal operation and configuration mode 
operation is shown in Figure 2-1. After the configura- 
tion memory is entered, the only way to get back to the 
user program memory is to exit the program/verify test 
mode by taking MCTR low (Vi). 


TABLE 2-2: COMMAND MAPPING (SERIAL OPERATION) 


J Command | Mapping (msbwisb) | Data 


0, data(14), 0 
0, data(14), 0 


Load Configuration 
Load Data 

Read Data 
Increment Address 
Begin programming 
End Programming 


0, data(14), 0 





ILL RE TEE TE TFT EEE TT EET ED PTT ES TESTIS CEES LOE SRN OBSOLETE ED RTE DIE TL ESE TIDE TE ES PE ID SEIS EE I DF DET STEPPE A A I ES EE LE TT ET ITE NTE OTT EE DREN TE RATES 
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FIGURE 2-2: PROGRAM FLOW CHART - PIC16C6X/7X PROGRAM MEMORY 












Program Cycle 





=e) 
® 
o 
° 
a 
a 
re} 
a 
ry 
3 
3, 
3 
a 


Failure 


Read Data 


Command N=N+1 N=# Be 
of Program Cycles 


Data Correct? 





Increment Address 
Command 





Yes 


Apply 3N Additional 
Program Cycles 









Program Cycle 


Load Data 
Command 


No 





Begin Programming 
Command 






ea 
@ Vpp min.* SS 


Wait 100 ps 












Yes 


End Programming 
Command 






Verify all Locations ee 
@ Vopd max. 
Vpp = VIHH2 






*Vppp = VDD range for programming (typically 4.75V - 5.25V). 
VpD min. = Minimum Vop for device operation. 
VDD max. = Maximum Vpp for device operation. 





Pe cli A Rahn ias eAEe SSEG Pic Sa AB SSA oe cM Sg ESS RAT ea SO NPD aS SO ONE a I a Na Pe a aR RD a I) 
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FIGURE 2-3: PROGRAM FLOW CHART - PIC16C6X/7X CONFIGURATION WORD & ID LOCATIONS 


Load Configuration 
Command 











increment Address 
Command 


Read Data 
Command 


as Data Correct 


















Yes MPBSuCe 


increment Address & 
Command 









increment Address 
Command 














increment Address 
Command 





Program Cycle 
N=N+1 N=# 
of Program Cycles 


No, 








Apply 3N 
Program Cycles 



















Report Program Set Vop = Vop min. 
1D/Config. Error Data Correct? Read Data Comman 
“eee Set Vpp = ViHH2 






Set Vop = Vop max. 
Data Correct? Read Data Command | 
ges Set Vpp = VIHH2 


Yes 
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2.2.1.2 LOAD DATA pin will go into output mode on the second rising clock 
edge, and it will revert back to input mode (hi-impe- 

After receiving this command, the chip will load in a 14- dence) after the 16th rising edge. A timing diagram of 

bit “data word” when 16 cycles are applied, as this command is shown in Figure 2-5. 

described previously. A timing diagram for the load 

data command is shown in Figure 2-4. 2.2.1.4 INCREMENT ADDRESS 

2.2.1.3 READ DATA The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 2- 

After receiving this command, the chip will transmit 6. 


data bits out of the memory currently accessed starting 
with the second rising edge of the clock input. The RB7 


FIGURE 2-4: LOAD DATA COMMAND (PROGRAM/VERIFY) 


VIHH 
MCLRVpp 


m : tdl 
tset0 -= 1 thido: ; ae ae 


6 ipsmin. 4 





1 tdly1 ; rot 
w——m —tsetiee 
us min, fe thidt 
1 1 1 
100ns 
min. 
ProgramWerify Test Mode __ 





FIGURE 2-5: READ DATA COMMAND (PROGRAM/VERIFY) 
moter 


tset0 -e! '__ tdly2 
tot ee 
ae i thidd: 6 ipsmin. 4 


(CLOCK) am rit tt 


tdly3 se 


1 tdly1 | 
(a atl 
fps mins 


RB7 = input RB7 = output 





Progran/Verify Test Mode 








FIGURE 2-6: INCREMENT ADDRESS COMMAND (PROGRAM/VERIFY) 


VIHH - 4 
MCLRVpPP if 


; mye , Next Command 
6 1s min. , 


2 
er IT 
(CLOCK) See 


' 


RB7 ! 
(DATA) 1 0 0 4 0 0 


: , tdlyt | 
tset1 manne thid1 ————>, 
ye ‘tus min., 
Se ee | { iy 
100ns 

min. 


Program/Verify Test Mode 
Reset 
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2.2.1.5 BEGIN PROGRAMMING 


A load command (load configuration or load data) must 
be given before every begin programming command. 
Programming of the appropriate memory (test program 
memory or user program memory) will begin after this 
command is received and decoded. Programming 
should be performed with a series of 100us program- 
ming pulses. A programming pulse is defined as the 
time between the begin programming command and 
the end programming command. 


2.2.1.6 §©END PROGRAMMING 


After receiving this command, the chip stops program- 
ming the memory (configuration program memory or 
user program memory) that it was programming at ne 
time. 


2.3 Programming Algorithm Requires 
Variable Vop —_ 


The PIC16C6X/7X uses an intelligent algorithm. The 
algorithm calls for program verification at VoD (min.).as 
well as VDD (max.). Verification at VDD (min.) guaran- 
tees good "erase margin". Verification at VOD (max.) 
guarantees good “program margin". 


The actual programming must be done with Vop in ihe 
Voop range (4.75 - 5.25V). 


VppP = VCC range required during programming. 
VDD min. = minimum operating VDD spec for the part. 
VDD max.= maximum operating VDD spec for the part. 


Programmers must verify the PIC16C6X/7X at its spec- 
ified VDD max. and VodD min. levels. Since Microchip 
may introduce future versions of the PIC16C6X/7X with 
a broader VbDD range, it is best that these levels are user 
selectable (defaults are ok). 
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3.0 CONFIGURATION WORD 


The PIC16C6X/7X family members have several con- 
figuration bits. These bits can be programmed (reads 
'0') or left unprogrammed (reads '1') to select various 
device configurations. Figure 3-1 provides an overview 
of configuration bits. 


FIGURE 3-1: CONFIGURATION WORD BIT MAP 





wumer 13 12 11 10 9 8 7 6 5 4 3 2 1 
PIC16C61/71 | — | — | CP |PWRTE| WOTE |FOSC1 
proiecexmxf — | — | — |] — Resend 





PIC16C62X CPO | Reserved| BODEN | CP1 


bit6: Reserved 


write as '0' for PIC16C6X/7X 
5-4CP1:CPO, Code Protect 


[Device | CP1|CPO | Code Protection 
PIC16C62 eae All memory protected 
PIC16C64 
PIC16C65 Lond Upper 3/4 memory protected 
| 1 | © | Upper 1/2 memory protected 
1 


PIC16C73 
| 1 | 1 | Code protection off 




























PIC16C74 


PIC16C61 | —] 0 | On 


PiC16C71 
PIC16C620 








Do not use 


ee 

| 1 | 0 | Donotuse 

| 1 | 1 | Code protection off 
| oO | 0 | All memory protected 


| 1 | Upper 1/2 memory protected 
mae 
fd 





PIC16C621 





| 0 | Donotuse 
|. OF. All memory protected 
po 











PIC16C622 






Upper 3/4 memory protected 
Upper 1/2 memory protected 
Code protection off 





bit 6: BODEN, Brown Out Enable Bit 


bit 4: PWRTE, Power Up Timer Enable Bit 
PIC16C61/62/64/65/7 1/73/74: 
1 = Power up timer enabled 
0 = Power up timer disabled 
PIC16C620/621/622: 
O = Power up timer enabled 
1 = Power up timer disabled 


bit 3-2:WDTE, WDT Enable Bit 
1 = WDT enabled 
0 = WDT disabled 


bit 1-O FOSC<1:0>, Oscillator Selection Bit 
11: RC oscillator 
10: HS oscillator 
01: XT oscillator 
00: LP oscillator 


rua a maT se I SSP 2S tt SSS SES SESS EN TED SS PS A SE TS SEE SCE WG PE I AS SE SSP PO SI SS IT EN ET 
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3.1 Embedding Configuration Word and ID Information in the Hex File 








TABLE 3-1: © CONFIGURATION WORD 


PIC16C61 
To code protect: | 
¢ Protect all memory — XXXXXXXXXOXXXX 


Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 


Read Scrambled, Write Enabled 












PIC16C620 

To code protect: 
e Protect all memory 0000001100XxXxx 
¢ No code protection 1111111111xXxxx 








Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 


Read Unscrambled, Write Enabled 
Read Unscrambled, Write Enabled 














PIC16C621 

To code protect: 
e Protect all memory 0000001100XxXxx 
¢ Protect upper 1/2 memory 0101011101XxXxx 
¢ No code protection 1111111111xXxxx 











Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 


Configuration Word (0x2007) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 
Unprotected memory segment Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 
Protected memory segment Read all 0’s, Write Disabled Read Unscrambled, Write Enabled 


ID Locations (0x2000 : 0x2003) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 


PIC16C622 

To code protect: 
* Protect all memory 0000001100xXxXxx 
¢ Protect upper 3/4 memory 0101011101Xxxx 
¢ Protect upper 1/2 memory 1010101110xXxxx 
¢ No code protection 1111111111xXxxx 


Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 


Read Unscrambled, Write Enabled 
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PIC16C62 
To code protect: 


¢ Protect all memory XXXXXX1100XXxXxX 
e Protect upper 3/4 memory XXXXXX1101XXXxX 
e Protect upper 1/2 memory XXXXXX1110XXxXx 
¢ No code protection XXXXXX1111XxXxXx 


Read Unscrambied, Write Enabled 


























Read Unscrambled, Write Enabled 


ID Locations (0x2000 : 0x2003) Read Unscrambled, Write Enabled Read Unscrambled, Write Enabled 


PIC16C64 
To code protect: 





¢ Protect all memory XXXXXX1100XXXX 
e Protect upper 3/4 memory XXXXXX1101XXxXxX 
¢ Protect upper 1/2 memory XXXXXX1110XXxXxX 
¢ No code protection XXXXXX1111XXxXxX 


Read Unscrambled, Write Enabled 
























ID Locations (Ox2000 : 0x2003) Read Unscrambled, Write Enabled 


PIC16C65 
To code protect: 


¢ Protect all memory XXXXXX1100XXXX 
¢ Protect upper 3/4 memory XXXXXX1101XXxXx 
e Protect upper 1/2 memory XXXXXX1110XXxXx 


¢ No code protection XXXXXX1111XxXxXxX 
R/W in Unprotected Mode 















Program Memory Segment R/W in Protected Mode 
Read Unscrambled, Write Enabled Read Unscrambied, Write Enabled 


Configuration Word (0x2007) , Wri 
Read Unscrambled, Write Enabled 


PIC16C71 
To code protect: 







e Protect all memory XXXXXXXXXOXXXX 


Program Memory Segment ___R/W in Protected Mode R/W in Unprotected Mode 
Configuration Word (0x2007) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
Unprotected memory segment Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 


Protected memory segmentz Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 


ID Locations (0x2000 : 0x2003) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
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PIC16C73 

To code protect: 
° Protect all memory XXXXXX1100XXXX 
e Protect upper 3/4 memory XXXXXX1101XXxx 
e Protect upper 1/2 memory XXXXXX1110XXxx 
* No code protection XXXXXX1111XXxXxX 


Program Memory Segment 
Configuration Word (0x2007) 
Unprotected memory segment 















Protected memory segment 


PIC16C74 

To code protect: 
e Protect all memory XXXXXX1100XXxXxX 
e Protect upper 3/4 memory XXXXXX1101XXxx 
e Protect upper 1/2 memory XXXXXX1110xXxxx 
e No code protection XXXXXX1111XxXxx 













| 1D Locations (0x2000 : 0x2003) 
Legend: X = Don't care 





4.0 CODE PROTECTION 


The program code written into the EPROM can be pro- 
tected by writing to the CPO & CP1 bits of the configu- 
ration word. | | 


In PIC16C61/71 it is still possible to program locations 
Ox000 through Ox03F, after code protection. For all 
other devices, writing to all protected memory is dis- 
abled. 


4.0.1 PROGRAMMING LOCATIONS 0X0000 TO 
OX03F AFTER CODE PROTECTION 


For PIC16C61/71 devices, once code protection is 
enabled, all program memory locations read out ina 
scrambled fashion. The ID locations and the configura- 
tion word also read out in a scrambled fashion. Further 
programming is disabled for locations Ox040 and 
above. It is possible to program the ID locations and the 
configuration word. _ | | 


For PIC16C61/71 devices, program memory locations 
0x000 through 0x03F are essentially not protected, i.e., 
these locations can be further programmed after code 
protection is enabled. However, since the data reads 
out in a scrambled fashion, to correctly overprogram 
these locations, the programmer must program seven 


ID Locations (0x2000 : 0x2003) | Read Unscrambled, Write Enabled ead Unscrambled, Write Enabled 





















bits at a time. For example, to program Ox3AD2 ("11 
1010 1101 0010") in a blank location, first program the 
location with "11 1111 1101 0010" and verify scrambled 
output to be “xx xxxx x101 0010". Next, program the 
location with "11 1010 1101 0010" and verify scrambled 
output to be "xx xxxx x101 1000". 


For all other PIC16C6X/7X devices, once code protec- 
tion is enabled, all protected segments read 'O's (or 
“garbage values") and are prevented from further pro- 
gramming. All unprotected segments, including ID loca- 
tions and configuration word, read normally. These can 
be programmed. 


4.1 Checksum 


Checksum is calculated by reading the contents of the 
PIC16CXX memory locations and adding up the 
opcodes up to the maximum addressable location, e.g., 
Ox3FF for the PIC16C61. Then ID and configuration 
locations are added. Any carry bits exceeding 16-bits 
are neglected. Checksum computations for each mem- 
ber of PIC16CXX devices is shown in Table 4-1. 
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TABLE 4-1: © CHECKSUM COMPUTATION 


Code Blank | 0x25E6 at0 and 
Protect Value max address 
ON SUM_XNOR7[0x000:0x3FF] + CFGW & 0x007F OxFC6F OxFC15 
OFF SUM[0x000:0x3FF] + CFGW & Ox3F7F Ox3DFF 0x094D 
ALL | SUM_ID + CFGW & 0x3F7F 


PIC16C621 OFF SUM[0x000:0x3FF] + CFGW & Ox3F7F Ox3BFF 0x074D 































PIC16C620 
















































1/2 SUM[0x000:0x1FF] + CFGW & Ox3F7F + SUM_ID Ox3A7E 0x0093 
ALL. CFGW & 0x3F7F + SUM_ID 0x3C7E 0x079C 
PIC16C622 OFF SUM[0x000:0x7FF] + CFGW & 0x3F7F 0x37FF 0x034D 
1/2 SUM[0x000:0x3FF] + CFGW & 0x3F7F + SUM_ID 0x347E Ox0FA3 
3/4 SUM[0x000:0x1FF] + CFGW & Ox3F7F + SUM_ID 0x367E OxF093 
ALL CFGW & Ox3F7F + SUM_ID 0x387E 0x039C 





PIC16C62 OFF SUM[0x000:0x7FF] + CFGW & 0x3FBF 
1/2 SUM[0x000:0x3FF] + SUM_XNOR7[0x400:0x7FF] + CFGW & Ox3FBF | 0x37AF 
3/4 SUM[0x000:0x1FF] + SUM_XNOR7[0x200:0x7FF] + CFGW & Ox3FBF | 0x379F 
ALL SUM_XNOR7[0x000:0x7FF] + CFGW & Ox3FBF 0x378F 


PIC16C64 OFF SUM[0x000:0x7FF] + CFGW & Ox3FBF 
1/2 SUM[0x000:0x3FF] + SUM_XNOR7[0x400:0x7FF] + CFGW & Ox3FBF | 0x37AF 
3/4 SUM[0x000:0x1FF] + SUM_XNOR7[0x200:0x7FF] + CFGW & Ox3FBF | 0x379F 
ALL SUM_XNOR7[0x000:0x7FF] + CFGW & Ox3FBF 
PIC16C65 OFF SUM[0x000:0xFFF] + CFGW & Ox3FBF 
1/2 SUM[0x000:0x7FF] + SUM_XNOR7[0x800:FFF] + CFGW & Ox3FBF 
3/4 SUM[0x000:0x3FF] + SUM_XNOR7[0x400:FFF] + CFGW & Ox3FBF 0x1559 
ALL SUM_XNOR7[0x000:0xFFF] + CFGW & Ox3FBF Ox2F35 


ON SUM_XNOR7[0x000:0x3FF] + CFGW & Ox3FFF OxFC6F OxFC15 
PIC16C73 OFF | SUM[0x000:0xFFF] + CFGW & 0x3FBF Ox2FBF 
1/2 SUM[0x000:0x7FF] + SUM_XNOR7[0x800:FFF] + CFGW & Ox3FBF | Ox2FAF 


3/4 SUM[0x000:0x3FF] + SUM_XNOR7[0x400:FFF] + CFGW & Ox3FBF | Ox2F9F 
ALL SUM_XNOR7[0x000:0xFFF] + CFGW & Ox3FBF Ox2F8F 
PiC16C74 OFF SUM[0x000:0xFFF] + CFGW & Ox3FBF . Ox2FBF 
1/2 SUM[0x000:0x7FF] + SUM_XNOR7[0x800:FFF] + CFGW & Ox3FBF | Ox2FAF 
3/4 SUM[0x000:0x3FF] + SUM_XNOR7[0x400:FFF] + CFGW & Ox3FBF | Ox2F9F 
ALL SUM_XNOR7[0x000:0xFFF] + CFGW & Ox3FBF Ox2F8F 
Legend: CFGW = Configuration Word 
SUM[a:b] = [Sum of locations a through b inclusive] 
SUM_XNOR7[a:b] = XNOR of the seven high order bits of memory location with the seven low order bits summed over 
locations a through b inclusive. For example, location_a = 0x123 and location_b = 0x456, then 
SUM_XNOR?7 [location_a : location_b] = 0x001F. 
SUM_ID = ID locations masked by OxF then made into a 16-bit value with IDO as the most significant nibble. For example, 
IDO = 0x12, ID1 = 0x37, ID2 = 0x4, ID3 = 0x26, then SUM_ID = 0x2746. 
*Checksum = [Sum of all the individual expressions] MODULO [OxFFFF] 


0x3/7BF 0x038D 
0x1D69 
0x1059 


0x3735 


| 0x038D 
0x1D69 
0x1D59 
0x3735 
OxFB8D 
0x1569 



































PIC16C71 









































TABLE 4-2: AC/DC Timing Requirements for Program/Verify Mode 





Standard Operating Conditions 
AC/DC Characteristics, 


Power Supply Pins Operating Temperature +10°C < TA<+40°C, unless otherwise stated 


Operating Voltage 4.5V < VpD < 5.5V, unless otherwise stated. 


Supply voltage during programming Vopp | 4.75 





Supply voltage during verify 


Note 1: Program must be verified at the minimum and maximum VbD limits for the part. 
Note 2: VIHH must be greater than VDD + 4.5V to stay in programming/verify mode. 
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TABLE 4-2: AC/DC Timing Requirements for Program/Verif Mode (Continued 

















Standard Operating Conditions 
Operating Temperature +10°C < TA< +40°C, unless otherwise stated 
Operating Voltage 4.5V < VDD < 5.5V, unless otherwise stated. 


[__charactortio (| Sym _min_| Tye | Max | Units | Conditions 
Supply current (from Vop) 20 mA | | 
during programming 


Programming supply current (from VPP) 


oe 
Voltage on MCLR/VepP during programming ViHH 12500 | 
Voltage on MCLR/Vpp during verify FVIHH2 |VoD+4.0 | | 
Ed 
a 
Looe 












AC/DC Characteristics, 
Power Supply Pins 




















Zz 
Oo 
Cena 
@o 
nN 





MCLR/Vpr rise time (VSS to VHH) tVHHR 
for test mode entry 
(RB6, RB7) input high level 


Schmitt trigger input 





(RB6, RB7) input low level Schmitt trigger input 


thid1 
Data input not driven to next clock input tdly1 1.0 
(delay required between command/data or | 
command/command) 


Delay between clock J to clock T of next —_| tdly2 


command or data 


Clock T to date out valid tdly3 
(during read data) 





Note 1: Program must be verified at the minimum and maximum Vb limits for the part. 
Note 2: VIHH must be greater than VOD + 4.5V to stay in programming/verify mode. 


ee a a a 
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increased design flexibility. RBO/INT <-> C16 


This document includes the programming PIN CONFIGURATION 
specifications for the following devices: 
¢ PIC16C84 PDIP, SOIC 

1.0 PROGRAMMING THE PIC16C84 

The PIC16C84 is programmed using the serial method. od 

The serial mode will allow the PIC16C84 to be pro- RA4/TOCK! => C3 U0 161<—OSC1/CLKIN 

grammed while in the users system. This allows for MCLR O ee ear 
2) 
oe 
> 


1.1 Hardware Requirements 


The PIC 16C84 requires one programmable power sup- 
ply for VDD (4.5V to 5.5V) and a VpP of 12V to 14V. Both 
supplies should have a minimum resolution of 0.25V. 





1.2 Programming Mode 


The programming mode for the PIC16C84 allows pro- 
gramming of user program memory, data memory, spe- 
cial locations used for ID, and the configuration word. 


PIN DESCRIPTIONS (DURING PROGRAMMING): PIC16C84 


CN 
aan wa 1 
Pp crock, | Clockinput§ 

Vrestmove | ss P*__—s | ProgramModeSelect 
2 reverse 
Ground 


Legend: | = input, O = Output, P = Power 
*In PIC16C84, programming high voltage is internally generated. To activate the programming mode, high voltage needs to be applied 
to MCLR input. This means that MCLR does not draw any significant current. 
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2.0 PROGRAM MODE ENTRY 


2.1 User Program Memory Map 


The user memory space extends from 0x0000 to Ox1FFF 
(8K), of which 1K (Ox0000 - Ox03FF) is physically imple- 
mented. In actual implementation the on-chip user pro- 
gram memory is accessed by the lower 10-bits of the PC, 
with the upper 3-bits of the PC ignored. Therefore if the 
PC is greater than Ox3FF, it will wrap around and address 
a location within the physically implemented memory. 
(See Figure 2-1). 


in programming mode the program memory space 
extends from Ox0000 to Ox3FFF, with the first half 
(Ox0000-Ox1FFF) being user program memory and the 
second half (0x2000-O0x3FFF) being configuration mem- 
ory. The PC will increment from Ox0000 to Ox1FFF to 
0x2000 to Ox3FFF and wrap around to 0x2000 (not to 
0x0000). Once in configuration memory, the highest bit of 
the PC stays a '1', thus always pointing to the configura- 
tion memory. The only way to point to user program mem- 
ory is to reset the part and reenter program/verify mode 
as described in Section 2.3. 


In the configuration memory space, 0x2000-0x200F are 
physically implemented. Locations beyond Ox200F will 
physically access user memory. (See Figure 2-1). 


2.2 iD Locations 


A user may store identification information (ID) in four ID 
locations. The ID locations are mapped in [0x2000 : 
0x2003]. It is recommended that the user use only the 
four least significant bits of each ID location. In some 
devices, the ID locations read-out in a scrambled fashion 
after code protection is enabled. For these devices, it is 
recommended that ID location is written as “11 1111 1000 
bbbb” where ‘bbbb' is ID information. 


In other devices, the ID locations read out normally, even 
after code protection. To understand how the devices 
behave, refer to Table 3-1. 


To understand the scrambling mechanism after code pro- 
tection, refer to Section 3.1. 
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FIGURE 2-1: PROGRAM MEMORY MAPPING 


0 
Implemented 
SFF 


400 | 


Implemented 


ID Location 
ID Location 
ID Location 
ID Location 
Reserved 
Reserved 
Reserved 


Configuration Word 





TABLE 2-1: COMMAND MAPPING (SERIAL OPERATION) 


Mapping (msb ... Isb) | Data 
0 


0, data (14), 0 
0, data (14), 0 
0, data (14), 0 


Load Configuration 

Load Data for Program Memory 
Read Data from Program Memory 
Increment Address 

Begin Programming 

Load Data for Data Memory 0, data (14), 0 


Read Data from Data Memory 0, data (14), 0 


Bulk Erase Program Memory 


oo 0O0900UCUOUCUCOOUUCUCOUOUCUCOOUUCUCO 
oo 0O0dUCUODWUC lULULUCUCUCUCUCUOUULCUCO 
—-~ = © O- O02 C0 O 

oo + 00 - + 0 0 
-+~ Oo CO = Oo + CO —+ O&O 


Bulk Erase Data Memory 





i a SA SS LE TL a a a Ne NN UES ae I 
© 1995 Microchip Technology Inc. DS30189D-page 3-29 





PIC16C84 








2.3 Program/Verify Mode 


The program/verify mode is entered by holding pins 
RB6 and RB7 low while raising MCLR pin from ViL to 
ViHH (high voltage). Once in this mode the user pro- 
gram memory and the configuration memory can be 
accessed and programmed in serial fashion. The mode 
of operation is serial, and the memory that is accessed 
is the user program memory. RB6 and RB7 are Schmitt 
Trigger Inputs in this mode. 


The sequence that enters the device into the program- 
ming/verify mode places all other logic into the reset 
state (the MCLR pin was initially at VIL). This means 
that all 1/O are in the reset state (High impedance 
inputs). | . 


2.3.1 SERIAL PROGRAM/VERIFY OPERATION 


The RB6 pin is used as a clock input pin, and the RB7 
pin is used for entering command bits and data input/ 
output during serial operation. To input a command, the 
clock pin (RB6) is cycled six times. Each command bit 
is latched on the falling edge of the clock with the least 
significant bit (Isb) of the command being input first. 
The data on pin RB7 is required to have a minimum 
setup and hold time (see AC/DC specifications) with 
respect to the falling edge of the clock. Commands that 
have data associated with them (read and load) are 
specified to have a minimum delay of us-between the 
command and the data. After this delay, the clock pin is 
cycled 16 times with the first cycle being a start bit and 
the last cycle being a stop bit. Data is also input and 
output Isb first. 


FIGURE 2-2: PROGRAM FLOW CHART - PIC16C84 PROGRAM MEMORY 


Set Vppd = Vppdp 


. Program Cycle 


Read Data Ee 
Command 


Increment Address Data Correct? 


Command 


All Locations Done? > 
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Therefore, during a read operation the Isb will be trans- 
mitted onto pin RB7 on the rising edge of the second 
cycle, and during a load operation the |sb will be latched 
on the falling edge of the second cycle. A minimum ius 
delay is also specified between consecutive com- 
mands. 


All commands are transmitted Isb first. Data words are 
also transmitted Isb first. The data is transmitted on the 
rising edge and latched on the falling edge of the clock. 
To allow for decoding of commands and reversal of data 
pin configuration, a time separation of at least ts is 
required between a command and a data word (or 
another command). 


The commands that are available are: 


2.3.1.1 LOAD CONFIGURATION 


_After receiving this command, the program counter 


(PC) will be set to 0x2000. By then applying 16 cycles 
to the clock pin, the chip will load 14-bits in a “data 
word”, as described above, to be programmed into the 
configuration memory. A description of the memory 
mapping schemes of the program memory for normal 
operation and configuration mode operation is shown in 
Figure 2-1. After the configuration memory is entered, 
the only way to get back to the user program memory is 
to exit the program/verify test mode by taking MCLR 
low (VIL). 





2.3.1.2 LOAD DATA FOR PROGRAM MEMORY 


After receiving this command, the chip will load in a 14- 
bit “data word” when 16 cycles are applied, as 
described previously. A timing diagram for the load data 
command is shown in Figure 2-4. 


FIGURE 2-3: PROGRAM FLOW CHART - PIC16C84 CONFIGURATION MEMORY 


Load Configuration Fe 
Command 


Program ID 
Location? 


increment Address §& 
Command 


Word Error 


Report Program 
Config. 


Data Correct? 
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Program Cycle 
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Set Vop = Vop max. & 
Read Data a 
Command 


Data Correct? 


Set Vop = Vop min. & 
Read Data Command 


oH 
Sy 
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2.3.1.3 LOAD DATA FOR DATA MEMORY 


After receiving this command; the chip will load in a 14- 
bit “data word” when 16 cycles are applied. However, 
the data memory is only 8-bits wide, and thus only the 
first 8-bits of data after the start bit will be programmed 
into the data memory. It is still necessary to cycle the 
Clock the full 16 cycles in order to allow the internal cir- 
cuitry to reset properly. The data memory contains 64 
words. Only the lower 8-bits of the PC are decoded by 
the data memory, and therefore if the PC is greater than 
Ox3F, it will wrap around and address a location within 
the physically implemented memory. 


2.3.1.4 READ DATA FROM PROGRAM MEMORY 


After receiving this command, the chip will transmit 
data bits out of the program memory (user or configu- 
ration) currently accessed starting with the second ris- 
ing edge of the clock input. The RB7 pin will go into 
output mode on the second rising clock edge, and it will 


revert back to input mode (hi-impedance) after the 16th 
rising edge. A timing diagram of this command is shown 
in Figure 2-5. 


2.3.1.5 READ DATA FROM DATA MEMORY 


After receiving this command, the chip will transmit 
data bits out of the data memory starting with the sec- 
ond rising edge of the clock input. The RB7 pin will go 
into output mode on the second rising edge, and it will 
revert back to input mode (hi-impedance) after the 16th 
rising edge. As previously stated, the data memory is 8- 
bits wide, and therefore, only the first 8-bits that are out- 
put are actual data. 


2.3.1.6 INCREMENT ADDRESS 


The PC is incremented when this command is received. 
A timing diagram of this command is shown in Figure 2- 


FIGURE 2-4: LOAD DATA FOR PROGRAM MEMORY COMMAND (SERIAL PROGRAM/VERIFY) 


._ tdly1 | a 
t——e — tsetl > 
ps min. {peer thidt 


WVHA 
100ns 
min. 


Program/Verify Test Mode 








FIGURE 2-5: READ DATA FROM PROGRAM MEMORY COMMAND (SERIAL PROGRAM/VERIFY) 


5 


tdly2 | 
$$ 
6 ipsmin. 4 2 


ge eat 
RBG ®! | | 
aonsk! [LE LELELILEA LF LEY LY Li Li 


RB7 = input 


i 
be (Q $$ $$ eS 
' 


1 tdly3 rs 


' tdly1 | 
——>, 
'4us min.’ 
1 t 


RB7 = output 


Program/Verify Test Mode 


Reset 
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FIGURE 2-6: INCREMENT ADDRESS COMMAND (SERIAL PROGRAM/VERIFY) 


VIHH - - 
MCLR / 


ly2°. 3 
eye Next Command 
6 Tus min. 


1 2 3 4 5 1 2 


Cocke 2 ssl Welt Te Ee fhe aka a) Pies 
RB7 ! 
(DATA)! 0 ! : : a ees 5 Seamer oe 


Reset 


! ! '_tdly1 | 
tset! <<» thid1 ———_>, 
a ae i TUS min., 
: |e renee | i) ‘ 
100ns 

min. 

Program/Verify Test Mode 


2.3.1.7 BEGIN PROGRAMMING 


A load command must be given before every begin pro- 
gramming command. Programming of the appropriate 
memory (test program memory, user program memory 
or data memory) will begin after this command is 
received and decoded. An internal timing mechanism 
executes an erase before write. The user must allow 
10ms for programming to complete. No “end program- 
ming” command is required. 


2.3.1.8 BULK ERASE PROGRAM MEMORY 


After this command is performed, the next program 
command will erase the entire program memory. The 
erase time is specified to be 10ms. 


If the address is pointing to user memory, only the user 
memory will be erased. 


If the address is pointing to the test program memory 
(0x2000 - 0x200F), then both the user memory and the 
test memory will be erased. The configuration word will 
not be erased, even if the address is pointing to location 
0x2007. 


2.3.1.9 BULK ERASE DATA MEMORY 


After this command is performed, the next program 
command will erase the entire data memory. The erase 
time is specified to be 10ms. 


2.4 Programming Algorithm Requires 
Variable Vpp 


The PIC16C84 uses an intelligent algorithm. The algo- 
rithm calls for program verification at VDD (min.) as well 
as VDD (max.). Verification at VDD (min.) guarantees 
good “erase margin’. Verification at VDD (max) guaran- 
tees good “program margin’. 


The actual programming must be done with Vop in the 
VoppP range (4.5 - 5.5V). 

VopPp = VcC range required during programming. 
VDD min. = minimum operating VDD spec for the part. 


VDD max.= maximum operating VDD spec for the part. 


Programmers must verify the PIC16C84 at its specified 
VDD max. and VpbD min. levels. Since Microchip may 
introduce future versions of the PIC16C84 with a 
broader VDD range, it is best that these levels are user 
selectable (defaults are ok). 





_ ae ira AE TA AR ES LA TART ED AE A A ICE OME SSSI EE DEG SIRS BLESS ESI SIG EI ENT SIE TE OE OOS SE TE NTS IEEE ETE FEE EE MD ST EEE SS SEL TE IE IE ETE TAY IOLA LETC TEED SILT 


© 1995 Microchip Technology Inc. 


DS30189D-page 3-33 





PIC16C84 





3.0 CONFIGURATION WORD 


The PIC16C84 has five configuration bits. These bits 
can be set (reads '0') or left unchanged (reads '‘1') to 
select various device configurations. 


FIGURE 3-1: CONFIGURATION WORD 





eit 13 12 WW #10 «9 


Number: 


CP, Code Protection Configuration Bit 
1 = code protection off 
0 = code protection on 


PWRTE, Power Up Timer Enable Configuration Bit 


1 = Power up timer enabled 
O = Power up timer disabled 


bit 3-2: WDTE, WDT Enable Configuration Bits 


1 = WDT enabled 
0 =WDT disabled 


FOSC<1:0>, Oscillator Selection Configuration Bits 
11: RC oscillator 
10: HS oscillator 
01: XT oscillator 
00: LP oscillator 


3.1 Code Protection 


For PIC16C84 devices, once code protection is 
enabled, all program memory locations read out in a 
scrambled fashion. The ID locations and the configura- 
tion word also read out in a scrambled fashion. Further 
programming is disabled for the entire program mem- 
ory as well as data memory. It is possible to program 
the ID locations and the configuration word. 


5 4 3 2 1 


8 7 6 0 
Ss es | — | — | = | oP |Pwarre|wore | Fosci | Fosco 


3.1.1 DISABLING CODE-PROTECTION 


It is recommended that the following procedure be per- 
formed before any other programming is attempted. It 
is also possible to turn code protection off (code protect 
bit = 1) using this procedure; however, all data within 
the program memory and the data memory will be 
erased when this procedure is executed, and thus, 
the security of the data or code is not compro- 
mised. 


Procedure to disable code protect: 

a) Execute load configuration (with a '1' in bit 4, 
code protect). 

b) Increment to configuration word location (0x2007) 

c) Execute command (000001) 

d) Execute command (000111) 

e) Execute ‘Begin Programming’ (001000) 

f) Wait 10ms 

g) Execute command (000001) 

h) Execute command (000111) 


DS30189D-page 3-34 


© 1995 Microchip Technology Inc. 


Programming Specification 


3.2 Embedding Configuration Word and ID Information in the Hex File 





TABLE 3-1: CHECKSUM COMPUTATION 
TABLE 3-2: 


0x25E6 at 0 
Code Protect Blank Value and max 
address 


ON SUM_XNOR7[0x000:0x3FF] + CFGW & 0x007F OxFC6F OxFC15 
Legend: CFGW = Configuration Word 
SUM[a:b] = [Sum of locations a to b inclusive] 
SUM_XNOR?7[a:b] = XNOR of the seven high order bits of memory location with the seven low order bits summed over 
locations a through b inclusive. For example, location_a = 0x123 and location_b = 0x456, then 
SUM_XNOR7 [location_a : location_b] = 0x001F. 
*Checksum = [Sum of all the individual expressions] MODULO [OxFFFF] 










TABLE 3-3: CONFIGURATION WORD 


PIC16C84 
To code protect: XXXXXXXX0XXX | 


Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 
Configuration Word (0x2007) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
All memory. Read Scrambled, Write Disabled Read Unscrambled, Write Enabled 


1D Locations [0x2000 : 0x2003] Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 


Legend: X = Don’t care 
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4.0 EMBEDDING DATA EEPROM. . The 64 data memory locations are logically mapped 
CONTENTS IN HEX FILE starting at address 0x2100. The format for data mem- 
| 3 ) | ory storage is one data byte per address. location, Isb 

The programmer should be able to read data EEPROM aligned. 


information from a hex file and conversely (as an 
option) write data EEPROM contents to a hex file along 
with program memory information and fuse information. 


TABLE 4-1: AC/DC TIMING REQUIREMENTS FOR PROGRAM/VERIFY TEST MODE 














Standard Operating Conditions 







AC/DC Characteristics, 


Power Supply Pins Operating Temperature +10°C < TA<+70°C, unless otherwise stated 


Operating Voltage 4.5V < VDD < 5.5V, unless otherwise stated. 


Supply voltage during programming | Woop | 4.5 | 5.0 | 
Supply voltage during verify | VppV | Vopmin.| | VDD max. 


High voltage on MCLR for test mode entry | VIHH a as 14.0 


Supply current (from VoD) during program/ 
verify | | 


12 
Supply current from ViHH (on MCLR) IHH aa 












Sat 
on 
< 





MCLR rise time (Vss to VHH) for test mode 


entry 


fe te, 20 
i " 
(RB6, RB7) input high level 0.8 VoD 
(RB6, RB7) input low level MCLR (test ViL1 0.2 VDD 
mode selection 

RB6, RB7 setup time (before pattern setup hos Bet 
time) 


< 


Schmitt trigger input 


Schmitt trigger input 


< 













Data input not driven to next clock input 
(delay required between command/data or 
command/command) 


Delay between clock J to clock T of next tdly2 
command or data 
Clock to data out valid (during read data) tdly3 | 80 | 


Note 1: Program must be verified at the minimum and maximum Vbb limits for the part. 
Note 2: VIHH must be higher than VDD + 4.5V to stay in programming/verify mode. 


Us 
us 
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NMicCROCHIP PICT 7CXX 


EPROM Memory Programming Specification 








This document includes the programming PIN CONFIGURATIONS 


specifications for the following devices: ~ eon are tae ee = | 
40L PDIP, CERDIP WINDOW PINOUT 


e PIC17C42 


e PIC17C43 
e PIC17C44 40 |] <> RDO/AD8 
RCO/ADO <—> []2 39] <> RD1/AD9 
1.0 PROGRAMMING THE PIC17CXX bi eee = See oe 
The PIC17CXX is fundamentally programmed using RC3/AD3 <—> []5 
the TABLWT instruction with the table pointer pointing RC4/AD4 <> ||6 
to an internal EPROM location. Therefore, a user can RCS/ADS <-> = 7 
program an EPROM location while executing code sisi pas A A) 
(even from internal EPROM). Oo 
For the convenience of a programmer developer, a RBO/CAP1 <—> |} 11 o 
“program & verify” routine is provided in the on-chip test RBIICAP2 «> L112 oS 


RB2/PWM1 <—> | 13 
RB3/PWM2 ~<—> |_| 14 
RB4/TCLK12 «—>L] 15 
RB5/TCLK3 «—» L| 16 


program memory space, the program resides in ROM 
and not EPROM. Therefore, it is not erasable. The “pro- 
gram/verify” routine allows the user to load any 
address, program a location, verify a location or incre- 
ment to the next location. It allows variable program- 


ming pulse width. 22] <-> RA4/RX/DT 
21 [1] <> RAS/TX/CK 


1.1 Hardware Requirements 


Since the PIC17CXX under programming is actually 
executing code from “boot ROM”, clock must be pro- 
vided to the part. Furthermore, the PIC17CXX under 
programming may have any oscillator configuration 
(EC, XT, LF or RC). Therefore, the external clock driver 
must be able to overdrive pulldown in RC mode. CMOS 
drivers are required since the OSC1 input has a Schmitt 
trigger input with levels (typically) of 0.2VpoD and 
0.8VpDD. See the PIC17C4X datasheet (DS30412A) for 
exact specifications. 





PIN DESCRIPTIONS (DURING PROGRAMMING): PIC17C42/43/44 














During Programming 


ee ee 
| sos vest =—ss || s—istesTOOUOUdT Must be set to “high” to enter programming mode 
Ena eee eee ee 
PAD <7:0> | WO__—| Address &data:lowbyte 

Pesto! 

ak aan 

Peed 



















MCLR/VppP a Programming Power 
ee Power Supply 
EE eee eee 


Legend: | = input, O = Output, P = Power 
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The PIC17CXX requires two programmable power sup- 
plies, one for VDD (2.5V to 6.0V recommended) and 
one for VPP (13 + 0.5V). Both supplies should have a 
minimum resolution of 0.25V. — 


The PIC17CXxX uses an intelligent algorithm. The algo- 


rithm calls for program verification at VOD (min.) as well. . 


as VDD (max.). Verification at VDD (min.) guarantees 
good "erase margin". Verification at VoD (max) guaran- 
tees good "program margin". Three times (8X) addi- 
tional pulses will increase program margin then beyond 
VDD (max.) and insure safe operation in user system. 


The actual programming must be done with Vpp in the 
Vopr range (4.75 - 5.25V). 


Vppp = VDD range required during programming. 

VDD min. = minimum operating VDD spec for the part. 
(2.5V) 

VDD max. = maximum operating Vcc spec for the part. 
(6.0V) 


Programmers must verify the PIC17CXxX at its specified 
VDD max. and VoD min. levels. Since Microchip may 
introduce future versions of the PIC17CXX with a 
broader VDD range, it is best that these levels are user 
selectable (defaults are ok). 





2.0 HOWTO ENTER 
PROGRAMMING MODE 


To execute the programming routine, the user must 


_ hold TEST pin high, RA2, RA3 must be low and RA4 





must be high (after power-up) while keeping MCLR low 
and then raise MCLR pin from VIL to VIHH (VDD or VPP). 
This will force FFEOh in the program counter and exe- 
cution will begin at that location (the beginning of the 
boot code) following reset. Execution is forced to Inter- 
nal mode by overriding the fuse configuration. The code 
protect bit is not overwritten. The program immediately 
polls PORT RB<7:0> to determine a branch address. 
Presenting E1h on PORT RB will cause the program to 
jump to and execute the “program/verify” routine. 


All unused pins during programming are in high imped- 
ance state. 


PORTB (RB) has internal weak pull-ups which are 
active during the programming mode. When TEST pin 
is high, Power-up timer (PWRT) and Oscillator Start-up 
Timers (OST)are disabled. 


2.1 Program/Verify Mode 


The program/verify mode is intended for full-feature 

programmers. This mode offers the following capabili- 

ties: | 

a) Load any arbitrary 16-bit address to start pro- 
gram and/or verify at that location. 

b) Increment address to program/verify the next 
location. 

c) Allows arbitrary length programming pulse width. 

d) Following a "verify" allows option to program the 
same location or increment and verify the next 
location. 

e) Following a "program" allows options to program 
the same location again, verify the same loca- 
tion or to increment and verify the next location. 


FIGURE 2-1: PROGRAMMING/VERIFY STATE DIAGRAM 


Jump to \ 


Program . Load 


Address [) 


Routine 4’ 
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Raise RAi : 
before RAOL width is 





Pulse RA1 
(Raise RA1 
after RAO.) 


Pulse RAO 
(RAO pulse 


programming time) 
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2.1.1 LOADING NEW ADDRESS 


The program allows new address to be loaded right out 
of reset. A 16-bit address is presented on ports RB 
(high byte) and RC (low byte) and the RA1 is pulsed 
(O > 1, then 1 — 0). The address is latched on the ris- 
ing edge of RA1. See timing diagrams for details. After 
loading an address, the program automatically goes 
into a “verify cycle”. To load a new address at any time, 
the PIC17C4X must be reset and the programming 
mode re-entered. 


2.1.2 VERIFY (OR READ) MODE 


“Verify mode” can be entered from “Load address” 
mode, “program mode’ or “verify mode’. In verify mode 
pulsing RA1 will turn on PORTS RB and RC output 
drivers and output the 16-bit value from the current 
location. Pulsing RA1 again will increment location 
count and be ready for the next verify cycle. Pulsing 
RAO will begin a program cycle. 


FIGURE 2-2: PIC17C4X PROGRAM MEMORY MAP 


On chip 
Program 
EPROM 


FEOO | Configuration 
FEOF Word 


2.1.3 PROGRAM CYCLE 


“Program cycle” is entered from “verify cycle” or pro- 
gram cycle’ itself. After a verify, pulsing RAO will begin 
a program cycle. 16-bit data must be presented on 
PORTS RB (high byte) and RC (low byte) before RAO 
is raised. 


The data is sampled 3 Tcy after the rising edge of RAO. 
Programming continues for the duration of RAO pulse. 


At the end of programming the user can choose one of 
three different routes. If RA1 is kept low and RAO is 
pulsed again, the same location will be programmed 
again. This is useful for applying over programming 
pulses. If RA1 is raised before RAO falling edge, then a 
verify cycle is started without address increment. Rais- 
ing RA1 after RAO goes low will increment address and 
begin verify cycle on the next address. 


FOSCO 
FOSC1 
WDTPSO 


WDTPS1 


Reserved 


PM1 


Reserved 


PM2 


Reserved 





aT TAA EP EL PI EP A TET EA IP aI AE OO SEE SETI ESA ATRL LENE EEE EE EDEN LETT ETT SI LE SECEDE DSL EE IE EEE LD TEE TEE EEE TESS SESSA DE TEE EES EEE EES SSE SEE ESSE EE SSE ET 


© 1995 Microchip Technology Inc. 


DS30139G-page 3-39 





PIC17CXX 





3.0 
FIGURE 3-1: 









MCLR = 1 
B port = OxE1 
(hold for 10 Tcy) 






Present address on ports 
RB, RC hold Tcy 
after RA1 changes to 1 









Stop driving address 
on port 
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PROGRAMMING SPECIFICATIONS 
PROGRAMMING ROUTINE FLOWCHART 









Yes 







Read MSB of data & 
from port-B. 
Read LSB of data 
from port-C. 
Enable RAO to end 
prog cycle 


Program 16 bit 
data 






Yes 
B & C ports not Bl 
driven by part 


If programming is desired, 
force port B = MSB of data 
force port C = LSB of data 

(hold 10Tcyc after 
RAO is raised) 



















No 





Increment 
Address 
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Lp-e eBed-56e10eSa 





tirH2irL INC 


tral H2bcV 






> «+ : 
' | troV2mcH 
RB<7:0> X) 
‘Jump Address ! 
Input ' 


DATA:HI_IN 


DATA_LO_IN 


~ theV2irH <>! | : 
t—§ > 'tirH2bcl 


p Verify location X Program location X + 1 
cicene Load address X Increment address to X + 1 Verify location X + 1 Do not increment PC Verify location X + 1 
ode entry by pulsing RA1 by raising RA1 before 
RAOL 


Note: RA2 =0 
RA3 = 0 
RA4 = 1 









DATA_LO OUT 


‘C-€ SYNSDIA 


| SONIWIL ASIYSA ONV ONINNVYDSOUd 


uoI}edINeds Hurmiweisbold 


zp-€ abed-HNé6E L0ESG 


“oul ABojouyoe| diyoooIW S6EL © 


VeP/MCLR 


{ DATA_HI OUT 


Input 





Jump Address 


Program location X 


Programming Load address X Verify location X Program location X Move to verify cycle 
mode entry Prevent increment of 
PC by raising RA1 
before RAOL 
Note: RA2 = 0 
RA3 =0 
RA4 = 1 






Verify location X 


— ISS NIWLL ASIH3A ONY ONIWINVHDOd 


‘€-€ SYNSIS 


XXILLIId 


‘ouy ABojouyoe| diydo10IW S6BL © 


ep-e obed-56E L0ESa 


— > ‘<— tinL2rail 










> t— tinL2rail 


tralV2ink 1 
RAI i \ i 
INC PC | ‘ INC PC INC PC 
RAO 
RB<7:0> DATA_HI O rT ) DATA_HI IN DATA_HI OUT DATA_HI IN DATA_HI OUT \ DATA_HIO iT ) 
RC<7:0> DATA_LO OUT DATA_LO IN DATA_LO OUT DATA_LO IN DATA_LO OUT DATA_LO OUT 
Program location X Program location X Verify location X +1 
Verify location X Do notincrement PC | Verify location X Raise RA1 after RAOL Pulse RA1 to increment Verify location X +2 
Raise RA1 before to increment to location X +1 address to X +2 
RAO to do this 


Note: Device in PGM mode 
Test = +5 
VppP/MCLR = Vppe 
RA2 =0 
RA3 = 0 
RA4 = 1 








b-€ AHNDIA 


lll SONIWIL ASIHSA ONV DONINWNVYSO"d 


uonedijiseds Hburuiweiboid 





POWER-UP/DOWN SEQUENCE FOR PROGRAMMING | 


FIGURE 3-5: 
VpP/MCLR 


t 
<< 
E 
$ 
ra 
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FIGURE 3-6: RECOMMENDED PROGRAMMING ALGORITHM 











Load new address & 
Pulse-count = 0 
Set Vpp = Vop min Rane 


Verify blank . 







Issue “Blank check fail” 
error message 


Programming error: 
Issue error message 


Program using 100yus 
pulse increment 
pulse-count 








Set Vpp = Vpp max. 2 
Verify location(s) 
Set Vop = Vop min : 
Verify location 


Apply (3 x Pulse-count) 
more 100 us programming 
pulses for margin 
(Over programming) 





Location fails 
programming, issue error 


message “Unable to 
program location" 
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4.0 CONFIGURATION WORD —- between OxFE00 and OxFE07 will place the low byte of 
; ; | the configuration word (see Table 4-2) into PAD<7:0> 
Configuration bits are mapped into program memory. (PORTC). PAD<15:8> (PORTB) will be set to OxFF. 
Each bit is assigned one memory location. In erased Reading a configuration location between OxFE08 and 
condition a bit will read as '1'. To program a bit, the user OxFEOF will place the high byte of the configuration 


needs to write to the memory address. The data is — word into PAD<7:0> (PORTC). PAD<15:8> (PORTB) 
immaterial; the very act of writing will program the bit. will be set to OxEE 


The configuration word locations are shown in Table 4-1. 
The programmer should not program the reserved 
locations to avoid unpredictable results and to be | 
compatible with future variations of the PIC17C4X. TABLE 4-1: © CONFIGURATION BIT 

It is also mandatory that configuration locations PROGRAMMING LOCATIONS 
are programmed in the strict order starting from the 
first location (OxFE00) and ending with the last 

(OxFE08). Unpredictable results may occur if the 
sequence is violated. 












4.1 Reading Configuration Word 


The PIC17CXX has seven configuration locations (see 
Table 4-1). These locations can be programmed (read 
as ‘0') or left unprogrammed (read as '1') to select vari- 


ee | snes PM OxFEOS 
ous device configurations. Any write to a configuration 
location, regardless of the data, will program that con- OxFE08 


figuration bit. Reading any configuration location tThis location does not exist on the PIC17C42. 


WDTPSO OxFE02 
| WDTPS1 OxFE03 
OxFE04 


TABLE 4-2: READ MAPPING OF CONFIGURATION BITS 


15 14 #13 12 114 #10 9 8 #7 6 5 4 3 . 2 #4 0 
15 14 13 12 1 #1 9 8 7 6 5 4 8 2 4 0 

—=Unused | 

PM<2:0>, Processor Mode Select bits 

111=Microprocessor Mode | 

110=Extended microcontroller mode 

101 =Microcontroller mode 

000 =Code protected microcontroller mode | 

WDTPS<1:0>, WDT Prescaler Select bits. 

11 =WDT enabled, postscaler = 0 

10 =WDT enabled, postscaler = 256 

01=WDT enabled, postscaler = 64 

00=WDT disabled, 16-bit overflow timer 

FOSC<1:0>, Oscillator Select bits 

11=EC oscillator 


10=XT oscillator 
T This bit does not exist on PIC17C42. 





AA EE AL LD PECAN SP A TS EB ME EIT aN EE I IEEE OS REIT EC EO EE EE ICS BE SEE IE EE I EIT I TT IIL SITE EE EE IS TTS ETE LITE 


DS30139G-page 3-46 © 1995 Microchip Technology Inc. 


Programming Specification 





4.2 Embedding Configuration Word Information in the Hex File 








TABLE 4-3: 
| Blank OxCODE at 0 and 


PIC17C42 MP mode SUM[0x000:0x7FF] + CFGW & OxFFFF 
MC mode SUM[0x000:0x7FF] + CFGW & OxFFFF 
EMC mode SUM[0x000:0x7FF] + CFGW & OxFFFF 


PMC mode SUM_XNOR8[0x000:0x7FF] + CFGW & OxFFFF 


PIC17C43 MP mode SUM[0x000:0xFFF] + CFGW e 0x015F 
MC mode SUM[0x000:0xFFF] + CFGW e 0x015F 
EMC mode SUM[0x000:0xFFF] + CFGW « 0x015F 

PMC mode SUM_XNOR8[0x000:0xFFF] + CFGW ¢ 0x015F 


PIC17C44 MP mode SUM[0x000:0x1F FF] + CFGW ¢ 0x015F 
MC mode SUM[0x000:0x1F FF] + CFGW ¢ 0x015F 
EMC mode SUM[0x000:0x1F FF] + CFGW « 0x015F 

PMC mode SUM_XNOR8[0x000:0x1 FFF] + CFGW * 0x015F 


Legend: CFGW = Configuration Word 
SUM[a:b] = [Sum of locations a to b inclusive] 
SUM_XNOR@(a:b) = [Sum of 8-bit wide XNOR copied into upper and lower byte, 
of locations a to b inclusive] 
*Checksum = [Sum of all the individual expressions} MODULO [OxFFFF] 





TABLE 4-4: | CONFIGURATION WORD 
PIC17C42 
To code protect: _ 

e Protect allmemory XXXxXXXXOXOXOXXXX 


Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 
Configuration Word (OxFE00) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
All memory Read Scrambled, Write Disabled* Read Unscrambled, Write Enabled 

PIC17C43 


To code protect: 
e Protect all memory XXXXXXX0X0XOXXXX 


PIC17C44 
To code protect: 
e Protect allmemory XXXXXXX0X0XOXXXX 


Program Memory Segment R/W in Protected Mode R/W in Unprotected Mode 


Configuration Word (OxFE00) Read Scrambled, Write Enabled Read Unscrambled, Write Enabled 
All memory Read Scrambled, Write Disabled* Read Unscrambled, Write Enabled 


Legend: X = Don’t care | 
















































*Write to on-chip EPROM memory is disabled. The only way these locations can be programmed is if a TABLWT instruc- 
tion is issued from an “on-chip” program memory space to program an on-chip memory location. 
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5.0 AC/DC SPECIFICATIONS FOR PROGRAMMING 
Standard Operating Conditions 












, 3 Operating Temperature +10°C < TA < +70°C, unless otherwise stated 

| ee, Operating Voltage 4.75V < Vpp < 5.25V, unless otherwise stated. 
[characterise | Sym | min [ym] Max [Unto] Conditions 
a Pe ee 
VpP/MCLR pin 


Programming current on m Note 3 
VpP/MCLR pin... 


Supeyvotage dng programming |Vbor [478 [60 [sas fv | 


Osc/clockin frequency during pro- 4 MHz 
gramming _ 
1 


Instruction cycle TCY a ee : S Tcy = 4/Foscp 


Supply current during programming req = 10MHz, VoD = 5.5V 
Note 3 





ie 


wlo 
Olas 


= 


Supply voltage during verify VDD max. | V 


RAO, RA1, RA2, RA3, RA4 setup tirV2tsH 
before TESTT 


TESTT to MCLRT as 
RC<7:0>, RB<7:0> valid to RA1 or i 

RAOT :Address/Data input setup 

time 

RA1 or RAOT to RB<7:0>, RC<7:0> | tirH2bcl 

invalid ; Address data hold time; 

RTJ to RB<7:0>, RC<7:0> high tOckiL2rbcZ 

impedance 


— 


—_ 10.2) 
eC; aA 
q| & 
< 


a | TT 

S| oa S Oo 

<|L ws) ” 

rn | NM < i?) 

=si3 vu 
re) 

+) ¢ 





10 Tcy 


= 
o 


RA1T to data out valid tOckiH2bcV 
Programming pulse width tprog 


1 
1 , 
10 


RAO, RA1 high pulse width tirH2irL 
RAO, RA1 low pulse width tirL2irH 


RA1T before INTJ (to go from prog | tOckiV2inL — 
cycle to verify w/o increment) 


RA1 valid after RAO (to select incre- 


” 


tinL2rtl 10 Tcy 
ment or no increment going from 
program to verify cycle 
VpP setup time before RAOT tvpps 100 
VPP hold time after INTL tvpph [Os 
VoD stable to TESTT tvdV2tsH |10 
RB input (Eth) valid to VPP/MCLRT |trbv2mcH |O | 


100 | 

10 7 
RB input (E1h) hold after VPP/ tmcH2rbl 10 Tcy 
MCLRT 





S 


id 
n 

= 

Oo 

— 

(4) 

—_ 





VDD power down after VPP power ‘| tvpL2vdL. 
down 22 


” 


Note 1: VeP/MCLR pin can be kept at VPP level (12.5V - 13.5V) at times other than programming. 
Note 2: Program must be verified at the minimum and maximum Vbb limits for the part. 
Note 3: These parameters are for design guidance only and are not tested nor characterized. 
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Serialized Quick Turn Programming Specification for PIC16C5X/5XA 





OVERVIEW 


Serialization is a method of programming PIC16C5X 
and PIC16C5XA microcontrollers whereby each chip is 
programmed with a slightly different code. Typically, all 
locations are programmed with the same basic code 
except for a few continuous bytes which are pro- 
grammed with a different number (referred to as ‘key’ or 
‘ID number’ or ‘serial number’) in each member. Typical 
applications of such programming are remote transmit- 
ters for car alarms or garage door openers where each 
unit must have a different access code. 


Microchip offers a flexible SQTP program, whereby a 
customer can simply specify the nature of serialization. 
The ‘serial number’ generation and programming will 
be taken care of by the factory. 


1.0 DEVICES CURRENTLY 
SUPPORTED 


Other device types are being added. Please consult a 
Microchip representative or Microchip sales person. 


| Device Oscillator Type Package 
PIC16C54 XT, RC, LP, HS | PDIP, SOIC, 
SSOP 
PIC16C55 XT, RC, LP, HS | PDIP, SOIC, 
SSOP 
PIC16C56 XT, RC, LP, HS_ | PDIP, SOIC, 
SSOP 























PIC16C57 XT, RC, LP, HS _ | PDIP, SOIC, 
SSOP 

PIC16C54A XT, RC, LP, HS_ | PDIP, SOIC, 
SSOP 

PIC16C58A XT, RC, LP, HS_ | PDIP, SOIC, 
SSOP 






2.0 SERIALIZATION SCHEME 
SUPPORTED 


2.1 Locations: 


The serial number must reside in continuous locations 
with up to eight locations used. Furthermore these 
locations must be coded as 8NN (RETLW NN, where 
NN=8-bit random code ) in the finished product. For 
details on how the RETLW instruction is typically used 
for serialization purposes, please see Appendix A. The 
customer code must be supplied without the serial code 
in these locations. These locations must be 8FFh in the 
customer code provided to Microchip. Microchip will 
insert the serial code at these locations during pro- 
gramming. Hex files must be in Intel hex 8-bit merged 
format. See Appendix B for details. 


2.2 Numbering Schemes: 


Random: Truly random numbers are generated. How- 
ever, there is no guarantee that the numbers will be 
non-repeating although the probability of such an 
occurrence will be infinitesimally small for a reasonably 
large field. 


Pseudo-Random*: Pseudo-random sequences _ of 
requested length (e.g. 32-bit long if four locations are 
used) starting with a 'seed value’ selected by the fac- 
tory. The customer may optionally specify the starting 
value. 


Pseudo-random sequences, by definition are non- 
repeating. See Appendix C for polynomials used to 
generate the numbers. 


Sequential: Sequential numbers are generated. User 
specifies the "starting number" and an increment value. 
In sequential numbering, the least significant digit is in 
the lowest memory location. The increment value must 
be between 1 and 255. 


Numbers are always in hex and not in BCD or any other 
format. 
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3.0 PROGRAMMING SEQUENCE 


The factory will program the "basic code" first, then pro-. 
gram the serial number and finally program the code-- 


protection fuse. Program memory will be verified at 
each stage except after code protection. Optionally, the 
factory may choose to program the “basic code" and 


the "serial number" at the same time. The customer 


may specify an ID number (four hex digits) to be pro- 
grammed in the ID locations or elect to leave them 
unprogrammed. 


4.0 SAMPLES 


Three (3) verification samples will be provided. These 
will be programmed with factory selected random or 
sequential codes in the serialization locations. The 
three parts will be programmed with three different 
serial codes. If order entry has been completed, then 
the samples will reflect the first three codes. If code 
protection is requested, then one of the three samples 
will be code protected. . 


5.0 THEFOLLOWING LIMITATIONS 


APPLY TO THE SQTP 
PROGRAM 


During shipment of serialized parts, no particu- 
lar sequence can be guaranteed. | 
In sequential or pseudo-random numbering 
scheme, there may be missing serial numbers 
(e.g. due to QC sampling). 


A list of serial numbers programmed can not be 
provided, nor will such a list be generated or 
maintained by Microchip. 

For sequential and pseudo-random numbering 
schemes, Microchip will maintain last number . 
used in last shipment and use the next number 
as the starting number for the next shipment. 
The customer should be prepared to provide a 
“new starting number" in the event the flow is 
disrupted due to unforeseen events. 


' SS SSS SSS SSSA 
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APPENDIX A: 


Implementing a table in the program memory of 
PIC16C5X and PIC16C5XA: 


The PIC16C5X and the PIC16C5XA family uses Har- 
vard architecture, in which the program memory is sep- 
arate from data memory. All instructions operate on 
data that is fetched from the register file or data mem- 
ory. Since there are no instructions to read from or write 
to the program memory, simply storing data words in 
program memory is of no use. There is, however, a sim- 
ple and elegant way to implement constant tables in the 
program memory by using the RETLW instruction. This 
instruction returns from a subroutine as well as loads 
an 8-bit constant into the W register. The following 
example shows how to get a byte of “serial information” 
from the table stored at location 000h in PIC16C54: 


ORG 0 ;store serial numbers 
RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh 

RETLW OFFh ;end of serial 

;numbers 


mMain_prog ORG XYZ 


:This is main program 


MOVLW byte_num ;byte_num = 0 for 1st 
; byte 
CALL get_lbyte; 


get_lbyte MOVWF PC ;write W to program 


; counter 

;W = offset = 0 for 
;lst byte 

;end of get_lbyte sub 
; routine 


END 


The next example shows how a Serial number may 
reside at location other than O000h. 


main_prog ORG XYZ ;This is main program 


MOVLW byte_num ;byte_num = 0 for lst 
; byte 
CALL get_lbyte; 


get_lbyte ADDWFPC ;W = offset 
RETLW Offh ; 
RETLW Offh ; 
RETLW Offh ; 
RETLW Offh ; 
RETLW Offh ; 
RETLW Offh ; 
RETLW Offh ; 
RETLW Offh ;end of serial 
;numbers 


END 
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APPENDIX B: 


Standard hex file format for serial programming: 





The hex file containing the ‘serial numbers’ will be in 
Intel hex 8-bit format. Since the PIC16C5X and the 
PIC16C5XA have 12-bit data words, all addresses are 
doubled in this hex format. Each line of the hex file will 
be for a new part. Each line can contain only up to 16 
bytes (i.e. eight PIC16C5X, PIC16C5XA instruction 
words). The format is as follows: 


:INNAAAATTHHHHHH...... HHCC 

where: | 

NN = byte count on current line (max 10h allowed) 
AAAA = address in four hex digits 

TT = record type, always 00 except 01 for EOF 


HH = Two digit hex data byte 
CC = = Two digit hex checksum 


APPENDIX C: 


Pseudo-random numbers are generated using modulo- 
2 primitive polynomials. This method guarantees to 
produce a sequence of maximal length, i.e., cycle 
through all possible sequence of n bits before it 
repeats. By providing a seed value as the initial bit pat- 
tern (the only combination not used is all 0's), one can 
get 2n-1 random bits before the sequence repeats 
itself. Microchip will only support pseudo-random serial 
numbers for bit lengths 8, 16, 24, 32, 40, 48, 56 and 64 
(i.e., 1-8 locations). The polynomials used are: 


8 bit: x8 + x4 4+x3+x2+1 

16 bit: X16 +x5+xX3+x2+1 
 Q24bit = x24 +xX44x94+XxX+1 . 
82-bit = _ x82 + xX74+xX5+xX34+xX24+xX4+1 

40 bit: x40 +x5+x44x34+1_ 

48 bit: X48 +xX7+xX5+X44xX2+X+1 

56 bit: x56 + x7 +Xx4+x2+1 

64 bit: x64 +x4+x3+xX+1 


To implement the 8-bit polynomial requires XORing the 
non-zero bits of the polynomial (shown as a shift regis- 
ter below) and shift on the resetting bit back into the 
shift register. 


8{7|6|5]4}3}2}1|-—\o| 
a eo 
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SECTION 4 
LOGIC PRODUCTS 





AY0438 32-Segment CMOS LCD Driver 
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FEATURES 


e Drives up to 32 LCD segments of arbitrary config- 
uration 

¢ CMOS process for: wide supply voltage range, 
low- power operation, high-noise immunity, wide 
temperature range 

¢ CMOS and TTL-compatible inputs 

¢ Electrostatic discharge protection on ail pins 

e Cascadable 

¢ On-chip oscillator 

e Requires only three control lines 


APPLICATIONS 


e Industrial displays 

¢ Consumer product displays 

¢ Telecom product displays 

© Automotive dashboard displays 


DESCRIPTION 


The AY0438 is a CMOS integrated device that drives a 
liquid crystal display, usually under microprocessor 
control. The part acts as a smart peripheral that drives 
up to 32 LCD segments. It needs only three control 
lines due to its serial input construction. It latches the 
data to be displayed and relieves the microprocessor 
from the task of generating the required waveforms. 


The AY0438 can drive any standard or custom parallel 
drive LCD display, whether it be field effect or dynamic 
scattering; 7-, 9-, 14- or 16-segment characters; deci- 
mals; leading + or -; or special symbols. Several 
AY0438 devices can be cascaded. The AC frequency of 
the LCD waveforms can either be supplied by the user 
or generated by attaching a capacitor to the LCD input, 
which controls the frequency of an internal oscillator. 


The AY0438 is available in 40-lead dual in-line plastic 
and 44-lead PLCC packages. Unpackaged dice are 
also available. 
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AY0438 


32-Segment CMOS LCD Driver 


PIN CONFIGURATION 


40-Lead Dual In-line 












Vop —> |] 1 
LOAD —— |} 2 
SEG 32 «—-L]3 
SEG 31 <«—L] 4 
SEG 30 ~<+—L] 5 
SEG 29 ~-——L]6 
SEG 28 <«——L]7 
SEG 27 «—L]8 
SEG 26 ~—-L] 9 
SEG 25 ~«——[] 10 
SEG 24 <-———-L] 11 
SEG 23 «——L] 12 
SEG 22 «——[] 13 
SEG 21 <—L_] 14 
SEG 20 ~t+—L] 15 
SEG 19 <#—-L] 16 
SEG 18 «——[] 17 
SEG 17 «—[_] 18 
SEG 16 ~+——L] 19 
SEG 15 <—-[_] 20 


AY0438 


44 PLCC 


40|_] <—— CLOCK 
39|_}—— SEG 1 

38|_}-——® SEG 2 

37|_] ——» SEG 3 

|_| ~+—-  Vss 


35|_] ——* DATA OUT 


34[_] «——- DATA IN 
33[_] —— SEG 4 
32|_]——» SEG 5 
31{_] «——- LCD® 
30|_] —— BP 
29|_]——» SEG6 
28|_]-—— SEG7 
27|_j——» SEG 8 
26|.] —— SEG 9 
25|]——® SEG 10 
24|_j——» SEG 11 
23|_] —— SEG 12 
22|_]—— SEG 13 
21{_]——» SEG 14 


420 —e SEG 2 
410 —we SEG 3 


SEG 29 ~«q— 
SEG 28 <«— 
SEG 27 «— 
SEG 26 <«— 
SEG 25 <«— 
SEG 24 =<-—— 
SEG 23 <«—. 


O 


AY0438 


SEG 21 <«-— 
SEG 20 ~««— (] 16 
SEG 19 «— (17 


SEG 18 «— (118 
SEG 17 «— 119 
SEG 16 «— 20 
SEG 15 ~— (121 
SEG 14 «— (7292 
SEG 13 «— (23 
SEG 12 «-— [24 
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FIGURE 1: PIN DESCRIPTIONS 


_  Voo - 


Pin #(PDIP Only) © 



























Supply voltage 





Load Input — 































2 | Latch data from registers 
3-29, 32, 33, 37-39 Seg 1-32 Output Direct drive outputs 
30 BP Output Backplane drive output 
31 LCD® input Backplane drive input 
34 Data In Input Data input to shift register 
35 Data Out Output Data output from shift register 
36 _ Vss Ground Ground 








40° Clock | Input System clock input 


FIGURE 2: BLOCK DIAGRAM | FIGURE 3: BACKPLANE AND SEGMENT 
7 : OUTPUT 


32-bit Static Shift Register;-—»o Data out 


‘32 Latches 
32 Segment Drivers Backplane 


SEG Off 


CLOCK 


Data in 


Data out 





1.0 OPERATION: | enabled or visible, i.e. the output at Segment Output is 
. 180° out-of-phase with the Backplane output 

1.1 Data In and Clock | (Figure 3). 

The shift register shifts and outputs on the falling edge 1.2 Load 

of the clock. Every clock falling edge does a logical left 

shift. As an example, if 32 clock pulses are supplied as A logic 1 at the Load input (Figure 2) causes the parallel 

in Figure 4, then the data input at the first clock will out- load of the data in the shift register into the latches that 

put at SEG 32, and the last data input (# 32) will output control the segment drivers. If the Load signal is tied 

at SEG 1 when a LOAD signal is enabled (Figure 2). It high, then the latches become transparent and the seg- 

is recommended that a complete 32 bit transfer be ment drivers are always connected to the shift regis- 

done every time the outputs are updated. A logic 1 at ters. 


the Data In causes the corresponding segment to be 
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1.3 LCDo FIGURE 5: OSCILLATOR FREQUENCY 


GRAPH (TYPICAL @ 25°C) 
LCD can be driven by an external signal or by con- 


necting a capacitor between LCDo and ground (GND), 
which will enable the on-chip oscillator required to gen- 
erate the backplane output voltage. Figure 5 shows the 
relationship between capacitance value and output fre- 
quency. Leaving the LCD input unconnected is not 
recommended. When driven by an external clock, the 
backplane output is in phase with the input clock. When 
cascading two AY0438 devices (Figure 6 and Figure 7), 
the backplane output can be generated using a capac- 
itor to GND on the first AY0438. This backplane output 
can then be connected to the LCDo input of the second 
AY0438. The backplane output of the second device is CL (pF) 
then used to drive the backplane of the LCD module. 


N 
= 
> 
e 
© 
3 
8 
uc 
© 
c 
& 
row 
S 
@ 
a 





FIGURE 6: CASCADING TWO AY0438 DEVICES 


32-bit Static Shift Register 


it fee 
us 


Backplane 
output 





FIGURE 7: CASCADE TIMING DIAGRAM 


START 


Data in X seces 64 


Data out 
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1.4 General oe 15 Interfacing to a LCD Module and 


oes ae sa PIC16CXX Device 
In order to avoid any race conditions, the Data In and | = 4 : 
Load signals should not be changed during a falling Figure 8 shows a typical layout of an AY0438 con- 
‘edge of the Clock. Figure 4 and Figure 7 show a typical nected to a LCD module and interfaced to a PIC16CXX 
timing diagram for a 32 segment and 64 segment LCD family device. Example 1 lists code used to program the 
module. © i PIC16CXX device. This code was complied using 
MPASM. 


FIGURE 8: INTERFACING TO A LCD MODULE AND PIC16CXX DEVICE 





AY0438 


LCD 
Backplane 
SEG6 
SEG5 


PIC16CXX a 


SEG3 
SEG2 


SEG9-15 
SEG19-23 


SEG25-31 


Backplane 


EXAMPLE 1: EXAMPLE CODE 

OI I III III IOI IO IOI III III II II III II III II II II IOI IC Ik 
;This program shows an interface between a PIC16CXX device 

;and the AY0438 LCD controller to control a 7 Segment 

74 digit LCD module. 

>The PIC16CXX interface to the AY0438 Hardware: 

7 PORTB bit 0 --> CLK 

i PORTB bit 1 --> DATA IN 

; PORTB bit 2 --> LOAD 


;The LCD module is connected to the AY0438 as follows: 


: Most Significant digit --> segl to seg7 
: 3rd Significant digit --> seg9 to segl15 
‘ . 2nd Significant digit --> segl7 to seg 23 


; Least Significant digit --> seg25 to seg 31 
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;The DP are not connected, but can be connected to seg8, 16, 24 & 32. 


;For each digit, the segments are connected as: 


: Seg A --> seg(8*n + 1) 
: Seg B --> seg(8*n + 2) 
: Seg C --> seg(8*n + 3) 
: Seg D --> seg(8*n + 4) 
: Seg E --> seg(8*n + 5) 
: Seg F --> seg(8*n + 6) 
: Seg G --> seg(8*n + 7) 


;where n = 0, 1, 2 and 3 for MSD, 3rdSD, 2ndSD and LSD respectively. 
;The firmware uses the values in registers: 

: MSD, THRDSD, SCNDSD and LSD to determine the values to be 
;pulsed to the AY0438. 

;In this example, a pushbutton connected to PORTB bit 7 
;is checked periodically to see if it has been pressed. 
;the LCD values in locations MSD to LSD are updated. 


oC KKK KKKEKK KEKE KKK KKK KE KKK KKK KKK KKK K KK KKK KK KKKKEKKKEKEKKEKEKKEKKKEKKREK KKK KKK KKK KK KKK KEK 
, 


list p=16c71, f=inhx8m 


If so, 


MSD equ 0x20 
THRDSD equ Ox21 
SCNDSD equ 0x22 
LSD equ 0x23 
count equ 0x24 
temp equ 0x25 
PORTB equ 0x06 
#define CLK PORTB, 0 
#define DATAIN PORTB,1 
#define LOAD PORTB, 2 
#define UPDATELCD PORTB, 7 
Ww equ 0 
STATUS equ 0x03 
Cc equ 0 
RPO equ 5 
OPTION equ Ox81 
RBPU equ 7 
PCL equ 0x02 
PCLATH equ Ox0A 
org 0 
goto start 
org 0x10 


e 
‘ 


;This DecodeValue table must reside in page 0 for this program to work 


. 
f 





DecodeValue 

addwf PCL 

retlw B'00111111' ;decode for 0 
retlw B'00000110' ;decode for 1 
retlw B'01011011' ;decode for 2 
retlw B'01001111' ;decode for 3 
retlw B'01100110' ;decode for 4 
retlw B'01101101' ;decode for 5 





PS a aN a ake nd oe El aa a ET Ba NN SE OR a Te a a a A a na ad AN a ts ea OA A SS 
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start 


wait 


retlw 
retlw 
retlw 
retlw 


clrf 
bsf 
movilw 
movwt 
ber 
bcf 


btfse 
goto 
bcf 
movft 
Cire 
call 
call 
movf 
call 
call 
movt 
call 
call 
mov£ 
call 
call 
bsf 
bcf£ 


KeyReleased 


;Sendsg, 
Sends 


btf£ss 
goto 
goto 


B'01111101' 
B'00000111' 
B'01111111' 
B'01101111' 


PORTB 
STATUS, RPO 
B'11111000' 
PORTB 
OPTION, RBPU 
STATUS, RPO 


UPDATELCD 
wait 

LOAD 

LSD,w 
PCLATH 
DecodeValue 
Sends 
SCNDSD,w 
DecodeValue 
Sends 
THRDSD,w 
DecodeValue 
Sends 

MSD,w 
DecodeValue 
Sends 

LOAD 

LOAD 


UPDATELCD 
KeyReleased 
wait 


;decode for 
;decode for 
;decode for 
;decode for 


io oO ~1 O 


;set portb 0,1&2 as outputs 
; fo 
; / 
;enable pull-up for switch 


:;see if update switch is low 
;no then wait : 
;make sure load is disabled 
;get least significant value 
7;PCH = 0 

;decode the value 

;serially output the seg values 
;get 2nd significant digit 
;decode it 

;serially output it 

;get 3rd significant digit 
;decode it 


;get Most significant value 
;decode it 

;serially send it 

;toggle the LOAD line 

;to enable the latches 


;wait for key to be released 


;repeat loop. 


sends the 8 bits in the W register 


movwt 
movilw 
movwt 


sendloop 


bcf£ 
rer 
btfsc 
bsf 
bsf 
bcf 
decfsz 
goto 
return 


end 


temp 
.8 
count 


DATAIN 
temp 
STATUS,C 
DATAIN 
CLK 

CLK 
count 
sendloop 


;save in temp 
sinit count 
;to 8 


;make sure DATAIN is low 
;rotate value through carry 
;if bit clear then skip 
;else set data bit 

;toggle clock 

i / 

;see if 8 done 

;no then do all 

;else return 
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2.0 ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


NPD 2S Secsid Goiewtes wosice sara bees ec oni cine oa ns ca nace ceca nie oie oes aneae cote de sce dase aa se eae eaSen Nu be ui aas dec cieeclesnaa Saanueee neeace cate -0.3V to +12V 
Inputs:( CLK Date EGA ya. coe ck pss ote cca clen teavetinsds oclassacnecudedvanetantebaante anaziieieauseseaieeeteleneved \Ec to VDD +0.3V 
LGD DU rsccstrretevvcessiesactslteksnas ad anusaveeuitesnteediua¥ennin \aahaec tetmuadbuaess budedeadattnetocsauan oueiaceners auavecsdeuseaeanedated -0.3V to VDD +0.3V 

POWGr DISSIDANOR: 2icce-caiesccsanlcussueeaisicSecesinaecevaceaalaweosuste ce ccd ceceuwannaccatesdaciencyatsudenadasaveensendlecetvae Meeetunduccsvacoumrreecuns 250 mW 
DIOLAGS TEMPS ae ses cae recots tances, gesacsrt scans, to petuadseacacaeweesaabaadanatueeee ou seteasoisoouncsoaceusiaauuei spacers puonsemanaeees -65°C to +125°C 
Operating Temperature Industrial.................sccccccsssscsrscscsssssssscsorccecsesesesensssseesececseeenneeeessseneseceeseatecseseeeenas -40°C to +85°C 


* 


Exceeding these ratings could cause permanent damage to the device. This is a stress rating only and functional oper- 
ation of this device at these conditions is not implied. Operating ranges are specified in Standard Conditions. Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 


Data labeled “typical” is presented for design guidance only and is not guaranteed. 
TABLE 2: DC CHARACTERISTICS 


VDD = +5V unless otherwise noted, TA = 40°C to +85°C 


Characteristics | sym | Min T 


yp 
Supply Current 25 60 LCD® OSC < 15 kHz 
Input High Level VIH 
Input Low Level Clock vir 
Data, 


Input Leakage Current Load 
Input Capacitance — 


Segment Output Voltage VOH 0.8 VDD 
eres |e |e 
vin 
IL 
IL 


3.0V < VoD <8.5V_ 
3.0V < VDD < 8.5V 
VIN = OV and +5.0V 


VpD IOH = -100 LA 
0.1 VDD lo. = 100 pA 





LCD® Input High Level | VIN | 0.9 VoD 


LCD® Input Low Level V 
LCD® Input Leakage 


TABLE 3: AC CHARACTERISTICS 


Clock Rate 0% duty cycle 
Data Set-up Time Data change to Clk falling edge 


a 


0.1 VDD 
10 








Data Hold Time nsec 
Load Pulse Width nsec 
Data Out Prop. Delay nsec | CL = 55 pF 
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AY0438 Product Identification System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed 
sales offices. 


‘PART NO. 


Package: Plastic DIP 
PLCC 
Die in Waffle Pack 


Temperature 0°C to +70°C 
Range: I 40°C to +85°C 


Device: . 82 Segment LCD Driver 





Sales and Support 


Products supported by a preliminary Data Sheet may possibly have an errata sheet describing minor operational differences and 
recommended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following: 


1. Your local Microchip sales office. 

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277 

3. The Microchip’s Bulletin Board, via your local CompuServe number (CompuServe membership NOT required). 

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using. 

For latest version information and upgrade kits for Microchip Development Tools, please call 1-800-755-2345 or 1-602-786-7302. 
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SECTION 5 
DEVELOPMENT SYSTEMS 
AND SOFTWARE TOOLS 
DEVELOPMENT SYSTEMS: 
System Support Development System Selection Chart... cccceeccccecetececeeeeeeeerensseeeeeeeseeeens 5-1 
Microchip BBS Microchip Bulletin Board S@rvice.............:ccssscssscccceccceeccescaececneececeeeeecesaneeseeseeenees 5-3 
PICMASTER® PICMASTER Universal In-Circuit Emulator System. .............cccceceeeecesseeeeeeeeeeees 5-5 
PRO MATE" Universal Device Programmer ......c.cccccccsssescscscscsessessscssscssscesssscessusessssusavensesens 5-11 
PICSTART®-16B1 PIC16CXX Low-Cost Microcontroller Development System ...............::::ssseeeees 5-15 
PICSTART-16C PIC16CXX Low-Cost Microcontroller Development System ...............::eeseeeeeees 5-17 
PICDEM-1 Low-Cost PIC16/17 Demonstration Board .........eeeseeestneenceeceeeeeeneeeeeeeceeeees 5-19 
PICDEM-2 Low-Cost PIC1I6CXX Demonstration Board... cesscesectececeeeeeeneeeseeeeseersenees 5-21 
SOFTWARE TOOLS: 
MPASM Universal PIC16/17 Microcontroller Assembler Software................cccssssseeeseeees 5-23 
MPSIM PIC16/17 Microcontroller Simulator... cs eeeeeceecccseesscceeeeccceeererceteceaeseeeeeneeees 5-25 
MP-C GC COMPING, waxees ccecsrce cass lansecedas cs seatunesaecocencs ti wadaleceugcacauaahaeensapesaoureensam ecu weeenstanetas 5-27 
fuzzyTECH®-MP Fuzzy Logic Development System for PIC 16/17 ............eecescceceeeeeereeeeeeeeeeeeenens 5-29 
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_ Compatible & Universal 





Product | — —_ Description PIC16CXX | PIC17CXX 
MPASM | Universal Assembler _ 





MPSIM | Software Simulator 


MP-C ~~ | © Compiler | | 
| fuzzyTECH® Fuzzy Logic Development Kit 


X 
X 
X 


X 


PICSTART® Low Cost Development Kit — ae 
PROMATE™ ——_| Universal Programer/Development Kit | 
PICMASTER® | Universal in-Circuit Emulator : 
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Microchip Bulletin Board Service 





Get current information and help on Microchip’s Bulle- 
tin Board Service (BBS)! Microchip wants to provide 
you with the most responsive service possible. To 
accomplish this, the systems team monitors the BBS, 
posting the latest component data and software tool 
updates, providing technical help and embedded sys- 
tems insights, and discussing how Microchip products 
provide project solutions. Extend your technical groups 
staff with microcontroller and memory experts through 
Microchip’s BBS communication channel. 


SYSTEMS INFORMATION AND 
UPGRADE HOT LINE 


The Systems Information And Upgrade Line provides 
system users a listing of the latest versions of all of 
Microchip’s development systems software products. 
Plus, this line provides information on how customers 
can receive any currently available upgrade kits. The 
Hot Line Numbers are: 1-800-755-2345 for U.S. and 
most of Canada, and 1-602-786-7302 forthe rest of the 
world. 


These phone numbers are also listed on the “Important 
Information” sheet that is shipped with all development 
systems. The hot line message is updated whenever a 
new software version is added to the Microchip BBS, or 
when a new upgrade kit becomes available. 


CONNECTING TO MICROCHIP 


Connect worldwide to the Microchip BBS using the 
CompuServe® communications network. In most 
cases, a local call is your only expense. The Microchip 
BBS connection does not use CompuServe 
membership services, therefore, you do not need 
CompuServe membership to join Microchip’s BBS. 


There is no charge for connecting to the BBS, except 
for a toll charge to the CompuServe access number, 
where applicable. You do not need to be a CompuServe 
member to take advantage of this connection (you 
never actually log in to CompuServe). 


The procedure to connect will vary slightly from country 
to country. Please check with your local CompuServe 
agent for details if you have a problem. CompuServe 
service allow multiple users at baud rates up to 14400 
bps. 


The following connect procedure applies in most loca- 
tions. 


1. Set your modem to 8-bit, No parity, and One stop 
(8N1). This is not the normal CompuServe set- 
ting which is 7E1. 

2. Dial your local CompuServe access number. 

3. Depress <Enter.l> and a garbage string will 
appear because CompuServe is expecting a 
7E1 setting. 

4. Type+, depress <Enter.t> and Host Name: will 
appear. 

5. Type MCHIPBBS, depress <Enter.i> and you 
will be connected to the Microchip BBS. 


In the United States, to find CompuServe’s phone num- 
ber closest to you, set your modem to 7E1 and dial 
(800) 848-4480 for 300-2400 baud or (800) 331-7166 
for 9600-14400 baud connection. After the system 
responds with Host Name:, type NETWORK, depress 
<Enter.!> and follow CompuServe’s directions. 


For voice information (or calling from. overseas), you 
may call (614) 457-1550 for your local CompuServe 
number. 


USING THE BULLETIN BOARD 


The bulletin board is a multifaceted tool. It can provide 
you with information on a number of different topics. 

e Special Interest Groups 

e Files 

¢ Mail 

¢ Bug Lists 

Special Interest Groups 

Special Interest Groups, or SIGs as they are commonly 
referred to, provide you with the opportunity to discuss 
issues and topics of interest with others that share your 
interest or questions. SIGs may provide you with infor- 


mation not available by any other method because of 
the broad background of the PIC16/17 user community. 


There are SIGs for most Microchip systems, including: 


°« MPASM ¢ MPSIM 

e PICMASTER® e TRUE GAUGE™ 
e PRO MATE™ e fuzzyTECH®-MP 
e PICSTART® e ASSP 

° Utilities e MTE1122 

e Bugs 


These groups are monitored by the Microchip staff. 
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The SIGs provide you with the opportu- 
nity to discuss issues and. exchange 
ideas. Technical support and urgent 


questions should be referred to your local 
distributor, sales representative or FAE. 
They are your first level of support. 





Files 


Microchip regularly uses the Microchip BBS to distrib- 
ute technical information, application notes, source 
code, errata sheets, bug reports, and interim patches 
for Microchip systems software products. Users can 
contribute files for distribution on the BBS. For each 
SIG, a moderator monitors, scans, and approves or dis- 
approves files submitted to the SIG. No executable files 
are accepted from the user community in general to 
limit the spread of computer viruses. 


The BBS can be used to distribute mail to other users 
of the service. This is one way to get answers to your 
questions and problems from the Microchip staff, as 
well as keeping in touch with fellow Microchip users 
worldwide. : 


Consider mailing the moderator of your SIG, or the 
SYSOP, if you have ideas or questions about Microchip 
products, or the operation of the BBS. 


Software Releases 


Software products released by Microchip are referred 
to by version numbers. Version numbers use the form: 
xX. yy.zz <status>- 
Where xx is the major release number, yy is the 
minor number, and ZZ is the intermediate number. The 
status field displays one of the following categories: 
e Alpha 
e Intermediate 
e Beta 
e Released 
Production releases are numbered with major, and 
minor version numbers like: 
3.04 Released 

Alpha, Beta and Intermediate releases are numbered 
with the major, minor and intermediate numbers: 

. 3.04.01 Alpha 
Alpha Release 


Alpha designated software is engineering software that 
has not been submitted to any quality assurance test- 
ing. In general, this grade of software is intended for 
software development team access only, but may be 
sent to selected individuals for conceptual evaluation. 


intermediate Release 


Intermediate released software represents changes to 


a released software system and is designated as such 
by adding an intermediate number to the version num- 
ber. Intermediate changes are represented by: 


e Bug Fixes 
e Special Releases 
e Feature Experiments 


Intermediate released software does not represent our 
most tested and stable software. Typically, it will not 
have been subject to a thorough and rigorous test suite, 
unlike production released versions. Therefore, users 
should use these versions with care, and only in cases 
where the features provided by an intermediate release 
are required. 


Intermediate releases are primarily available through 
the BBS. | 


Beta Release 


Preproduction software is designated as Beta. Beta 
software is sent to Applications Engineers and Consult- 
ants, FAEs, and select customers. The Beta Test period 
is limited to a few weeks. Software that passes Beta 
testing without having significant flaws, will be produc- 
tion released. Flawed software will be evaluated, 
repaired, and updated with a new revision number for a 
subsequent Beta trial. 


Production Release 


Production released software is software shipped 
with tool products. Example products are PRO MATE, 
PICSTART, and PICMASTER. The Major number is 
advanced when significant feature enhancements 
are made to the product. The minor version number 
is advanced for maintenance fixes and minor 
enhancements. Production released software repre- 
sents Microchip’s most stable and thoroughly tested 
software. 


There will always be a period of time when the Produc- 
tion Released software is not reflected by products 
being shipped until stocks are rotated. You should 
always check the BBS for the current production 
release. 
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PICMASTER Universal In-Circuit Emulator System 
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SYSTEM FEATURES 


General: 


¢ Complete Hi-Performance PC-based Microcon- 
troller Development System for the P!1C16/17 
families. 

e For use on PC-compatible 386, and 486 
machines under Microsoft® Windows™ 3.X envi- 
ronment. 


e Assembler and Simulator Software, Emulator Sys- 
tem, and EPROM Programmer unit, sample kit, 
and demonstration hardware and software pro- 
vide a complete microcontroller product develop- 
ment environment. 


Emulator System: 

e Hi-Performance In-Circuit Emulation of Microchip 
Microcontrollers. 

e Real-time instruction emulation. 

e Single and Multiple instruction step execution. 

e Program Memory emulation and memory map- 
ping capability up to 64K words. Instruction execu- 
tion can be mapped into either emulation memory 
or user prototype memory. 


PICMASTER is a registered trademark of Microchip Technology Inc. 


Windows is a trademark of Microsoft Corp. 





Real-time trace memory capture of 40 bits of infor- 
mation for each instruction cycle in an 8Kx40 

trace buffer. Trace region can range from 0 to 64K 
in any address combinations. 

Real-time trace data can be captured and dis- 
played without halting emulation. 

Unlimited number of hardware breakpoints can be 
set anywhere in the program memory. 

External Break with “AND’/’OR’” capability with 
internal breakpoints. 

Multiprocessor emulation capability. Up to eight 
PICMASTER emulators can be synchronized on 
a single PC, for multi-processor development. 
Extended 48-bit cycle counter. 

Trigger Output available on any range of 
addresses. 

Full Symbolic Debug Capability. Symbolic display 

and alter of all register files, special purpose regis- 

ters, stack registers, and bank registers. 
Selectable Internal Emulator Clock or User Target 
(Prototype) System Clock. 

User selectable internal or external Power Supply 
(provided). 
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EPROM Programmer System: 


e PRO MATE™ Device Programmer unit for all cur- 
rent PIC16/17 products. | 

Operates as a Stand-alone Unit or in Sarina 
with a PC-compatible host system. . 
Performs READ, PROGRAM, and VERIFY func-. 
tions in Stand-alone mode. 


¢ PC Host Software provides file display and edit- 

__ ing, file transfer to and from programmer unit, 
device serialization, and. program voltage calibra- 
tion. : 


Macro Assembler: 
e Provides translation of Asserabler source code to 


object code for the PIC16/17 family of microcon- 
_trollers. | 


e Macro-assembly and conditional assembly capa- 

bility. — 

Produces Object files, Listing files, Symbol files, 

and special files required for symbolic debug with 

the PICMASTER Emulator System. 

e Binary / Hex output formats: INHX8S, INHX8M, 
INHX16, and PICMASTER. 


Simulator: 


MPSIM is a discrete event software simulator designed 


to imitate operation of PIC16/17 microcontrollers. It — 


allows the user to debug software that will use any of 
these microcontrollers. At any instruction boundary, 
MPSIM also allows the user to examine and/or modify 
any data area within the processor, or provide external 


stimulus to any of the pins. Other MPSIM features | 


include program load and save, disassembler, symbolic 
debug, and execution trace and breakpoints. 


Demo Board: 


The PICDEM Demonstration Board provides a user 
with a simple hardware tool through which software can 
be exercised and debugged. A step-by-step tutorial 
enables first-time users of PICMASTER to become 
familiar with all the features of the emulator. A generous 
prototype area allows the user to build additional hard- 
ware for their project. | 





SYSTEM DESCRIPTION | 
The PICMASTER Universal In-Circuit Emulator System 


is intended to provide the product development 
- engineer with a complete microcontroller design tool 


set for all microcontrollers in the PIC16/17 family. The 
PICMASTER system currently supports the PIC16C54, 
PIC16C54A, PIC16C55, PIC16C56, PIC16C57 and 
PIC16C58A at clock frequencies of 20MHz; the 


— -PIC16C61, PIC16C620, PIC16C621, PIC16C6é22, 
— PIC16C64, PIC16C71, 


PIC16C73, PIC16C74, 
PIC16C84 to 10MHz; and the PIC17C42 at 16MHz. 


Interchangeable target probes allow the system to be 
easily reconfigured for emulation of different proces- 
sors. The universal architecture of the PICMASTER 
allows expansion to support all new microcontroller 
architectures with data and program memory paths to 
16 bits. | 


The Emulator System is designed to operate PC-com- 


patible machines ranging from 286-AT® class ISA-bus 


systems through the new Pentium™ machines. The 
development software runs in the Microsoft Windows 


~ 3.X environment, allowing the operator access to a 


wide range of supporting software and accessories. 


Provided with the PICMASTER System is a high perfor- 
mance, real-time In-Circuit Emulator, a microcontroller 
programmer unit, a macro assembler program, and a 
simulator program. Sample programs are provided to 
help quickly familiarize the user with the development 
system and the PIC16/17 microcontroller families. 


Coupled with the user's choice of text editor, the system 
is ready for development of products containing any of 
Microchip's microcontroller. products. 


A “Quick Start” Product Sample Pak containing user 
programmable parts is included for additional conve- 
nience (only devices supported by the specified probe 
header). 


Microchip provides additional customer support to 
developers through an electronic Bulletin Board Sys- 
tem (BBS). Customers have access to the latest 
updates in software as well as application source code 
examples. Consult your local sales representative for 
information on accessing the BBS system. 


In-Line 
Power Supply 
(Optional) 


90 - 250VAC » 


Interchangeable 
— Emulator Probe 


Common Interface Card 
PC Compatible Computer 
(AT/ISA Bus)(for Industry Standard Architecture) 





PRO MATE is a trademark of Microchip Technology Inc. 
AT is a registered trademark of IBM Cor 
Pentium is a trademark of Intel Corporation. 
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Host System Requirements: 


The PICMASTER has been designed as a real-time 
emulation system with advanced features generally 
found on more expensive development tools. The IBM 
PC-compatible platform and Windows 3.X environment 
was chosen to best make these features available to 
you the end user. To properly take advantages of these 
features, PICMASTER requires installation on a 
system having the following minimum configuration: 


¢ PC/AT-compatible machine: 286, 386SX, 386DX, 
or 486 with ISA, EISA Bus or Pentium machines. 


e EGA, VGA, 8514/A, Hercules graphic card (EGA 
or higher recommended). 


e MS-DOS® / PC-DOS version 5.0 or greater. 


Microsoft® Windows version 3.0 or greater operat- 
ing in either standard or 386 enhanced mode). 


1 Mbyte RAM (2 Mbytes recommended). 
One 3.5" floppy disk drive. 


Approximately 10 Mbytes of hard disk (1 Mbyte 
required for PICMASTER, remainder for Windows 
3.X system). 


One 8-bit PC/AT (ISA) I/O expansion slot (half 
size) | 

Microsoft mouse or compatible (highly recom- 
mended). 


Emulator System Components: 


The PICMASTER Emulator Universal System consists 
primarily of four major components: 


¢ Host-Interface Card: The PC Host Interface Card 
connects the emulator system to a PC compatible 
system. This high-speed parallel interface 
requires a single half-size standard AT / ISA slot in 
the host system. A 37-conductor cable connects 
the interface card to the external Emulator Control 
Pod. 


Emulator Control Pod: The Emulator Control 
Pod contains all emulation and control logic com- 
mon to all microcontroller devices. Emulation 
memory, trace memory, event and cycle timers, 
and trace/breakpoint logic are contained here. 
The Pod controls and interfaces to an inter- 
changeable target-specific emulator probe via a 
14" precision ribbon cable. 


Target-specific Emulator Probe: A probe spe- 
cific to microcontroller family to be emulated is 
installed on the ribbon cable coming from the con- 
trol pod. This probe configures the universal sys- 
tem for emulation of a specific microcontroller. 
Currently, the PIC16C5X family, PIC16CXX family, 
and the PIC17C42 microcontrollers are sup- 
ported. Future microcontroller probes will be avail- 
able as they are released. 


MS-DOS is a registered trademark of Microsoft Corp. 


| PIC-MASTER - DAICEWINIDDEDEMO.OBJ 
p Fie Configure Setup Watch Run Util Window Help 
Trace Memory Dump 
> 0049 O880 capi retlw 060 
: 0048 O86a ratlw  O6a 
Microsoft Excel 


File Edit Formula Format Data Options Macro Window Help 





¢ PC Host Emulation Control Software: Host soft- 
ware necessary to control and provide a working 
user interface is the last major component of 
the system. The emulation software runs in the 
Windows 3.X environment, and provides the user 
with full display, alter, and control of the system 
under emulation. The Control Software is also uni- 
versal to all microcontroller families. 


The Windows 3.X operating System allows the devel- 
oper to take full advantage of the many powerful fea- 
tures and functions of the PICMASTER system. 


PICMASTER emulation can operate in one win- 
dow, while a text editor is running in a second win- 
dow. Dynamic Data Exchange (DDE), a feature of 
Windows 3.X, will be available in this and future 
versions of the software. DDE allows data to be 
dynamically transferred between two or more Win- 
dows programs. With this feature, data collected 
with PICMASTER can be automatically transferred 
to a spreadsheet or database program for further 
analysis. 


Under Windows 3.X, up to eight PICMASTER emu- 
lators can run simultaneously on the same PC mak- 
ing development of multi-microcontroller systems 
possible (e.g., a system containing a PIC16C XX pro- 
cessor and a PIC17CXX processor). 


PRO MATE Device Programmer: 


The PRO MATE Programmer system included in the 
PICMASTER Development System provides the prod- 
uct developer with the ability to program (transfer) the 
developer's software into PIC16/17 microcontrollers. 


The programmer unit comes complete with accessories 
for use with a PC host computer. Supplied are interface 
cables and connectors to a standard PC serial port, a 
power supply unit, and host operating software. 


The PRO MATE Programmer will work in either stand- 
alone mode, or in PC host connected mode. Connected 
to a PC host, many more features are available to the 
user. 


ara ee wr re NS NT ES TTT IE DI TTT CTT I NT A CT TTT TTI IGT MS EL TO ETL AEE ST TLE IPE TE EET EEE TS TIE SETAE TTT TTT ONG EIS TI TC DSL EE TITTLE II ES TEAST TTT 
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STAND-ALONE MODE 


Stand-alone mode is useful in situations where a PC 
may not be available or even required, such as in the 
field or in a lab production environment. In stand-alone 
mode the following programming functions are avail- 
able: 


VERIFY: 


VERIFY performs two functions. For a programmed 
part, the device in the programming socket will be com- 
pared to the program data stored in internal memory. If 
the data and fuse settings are correct, VERIFIED willbe 
displayed. VERIFY will also confirm that erased parts 
are blank. A device in the socket will display ERASED 
if all programmable locations are blank. 


PROGRAM: 


In stand-alone mode, devices inserted into the pro- 
grammer socket will be programmed with data currently 
stored in memory. Pressing the PROGRAM key will 
cause the unit to program and verify both the program 
memory and the device fuses. If all program success- 
fully, PGM OKAY will be anys? 


READ: 


A pre-programmed device placed in the programmer 
socket can be read into the programmer unit by press- 
ing the READ key. Program and fuse data will be read 
and stored into internal memory. Various eplol: exist 
with the READ function. 


PC HOST CONNECT MODE 


When the PRO MATE is connected to a host PC sys- 
tem, many more options and conveniences are avail- 
able to the user. Host mode allows full interactive 
control over the PRO MATE unit. A full screen, user- 
friendly software program is proviaee to fully assist the 
user. 


As in stand-alone mode, parts may be Read, Pro- 
grammed, Blank checked, and Verified. Also, all fuses 
and ID locations may be specified. In addition, other 
features available in host-mode are: 


Editing | 

A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Com- 
plete program and fuse data can be loaded and 
saved to DOS disk files. Files generated by the 


Assembler program are directly loadable into program- 
mer memory. 


Vpp and VppP Adjust 


The programming environment voltage cettings of VoD 
max, VDD min, and VpP can be set and altered only on 
PC host mode. The voltage settings allow the user to 
program the part in the environment that the part will be 
used. The part will be programmed at VDD max and ver- 
ified at VDD min. VpP is the programming voltage. 


PICMASTER PROBE Specifications 


Table 1 shows the current probe specifications for the 
PICMASTER In-Circuit Emulator. The devices are sup- 
ported regardless of program memory type (ROM, 
EPROM or EEPROM), process technology or voltage 
range. That is, selecting the PROBE that supports the 
PIC16C54 (Probe-16D) also supports the PIC16CR54, 
PIC16C54A and the PIC16LC54A devices. The probe 
would also support other variations as they become 
available (such as PIC16CR54A). 


TABLE 1: PICMASTER PROBE 
SPECIFICATIONS 


PICMASTER Devices 
Probe Supported Maximum Operating 


PROBE-16B PIC16C71 1OMHz 4.5V - 5.5V 
PROBE-16C PIC16C84 10MHz 4.5V - 5.5V 


PROBE-16D PIC16C54, 
PIC16C55, 
PIC16C56, 
PIC16C57, 
PIC16C58A 





PROBE-16E PIC16Ce4 | 10MHz =: | 4.5V - 5.5V 


PROBE-16F : 


Prcteet | 6C65 10MHz_ 4.5V - 5.5V 
PIC16C74 

PIC16C73 . 
PROBE-16G /PIC16C61 6C61 10MHz 4.5V -5.5V 


PROBE-16H ree 10MHz 4.5V - 5.5V 
PIC16C621 
PIC16C622 


PROBE - 17A |Pici7c42_ | 16MHz 4.5V - 5.5V 
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Sales and Support 


PICMASTER® System 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to 
the factory or the listed sales offices. 


PART NUMBER 


EM167011 
EM167012 
EM167013 
EM167014 
EM167015 
EM167016 
EM167017 
EM167018 
EM167019 
EM167020 


EM167021 
EM167022 
EM167023 
EM167024 
EM177001 
EM177004 


DESCRIPTION 


Complete PICMASTER-16B System for PIC16C71 

Complete PICMASTER-16B System for PIC16C71 without Programmer 
Complete PICMASTER-16C System for PIC16C84 

Complete PICMASTER-16C System for PIC16C84 without Programmer 
Complete PICMASTER-16D System for PIC16C5X 

Complete PICMASTER-16D System for PIC16C5X without Programmer 
Complete PICMASTER-16E System for PIC16C64 

Complete PICMASTER-16E System for PIC16C64 without Programmer 
Complete PICMASTER-16F System for PIC16C65, PIC16C74/C73 


Complete PICMASTER-16F System for PIC16C65, PIC16C74/C73 without 
Programmer 


Complete PICMASTER-16G System for PIC16C61 

Complete PICMASTER-16G System for PIC16C61 without Programmer 
Complete PICMASTER-16H System for PIC16C62X 

Complete PICMASTER-16H System for PIC16C62X without Programmer 
Complete PICMASTER-17 System for PIC17C42 

Complete PICMASTER-17 System for PIC17C42 without Programmer 
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NOTES: 
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Universal Device Programmer 








SYSTEM FEATURES 


Device Programmer System: 





PRO MATE Programmer unit for the PIC16C5X, 
PIC16CXX, PIC17CXX Microcontroller family. 
Operates as a Stand-alone Unit or in Conjunction 
with a PC Compatible host system. 

READS, PROGRAMS, and VERIFIES in Stand- 
alone mode. 

PC Host Software provides file display and edit- 
ing, and transfer to and from Programmer unit 
Communicates with PC via RS-232 

Modular socket modules provide easy migration 


from one P!C16/17 microcontroller product to 
another. 





PRO MATE is a trademark of Microchip Technology Inc. 


SYSTEM DESCRIPTION 


PRO MATE Programmer: 


The PRO MATE Programmer system provides the 
product developer with the ability to program user soft- 
ware into PIC16C5X, PIC16CXX, PIC17CXX CMOS 
microcontrollers. 


PRO MATE is also supplied with a discrete event soft- 
ware simulator (MPSIM) and a Universal PIC16/17 
Macro assembler (MPASM). 


The programmer unit comes complete with accessories 
to be used with the PC host computer. Supplied are 
interface cables and connectors to a standard PC serial 
port, a universal input power supply unit, and host oper- 
ating software. 


The PRO MATE Programmer will work in either stand- 
alone mode, or in PC host connected mode. Connected 
to a PC host, many more features are available to the 
user. 


The modular socket module design allows users to eas- 
ily migrate between PIC16/17 devices at the lowest 
possible cost. 
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STAND-ALONE MODE : | 
Stand-alone mode is useful in situations where a PC 


may not be available or even required, such as in the — 


field or in a lab production environment. In stand-alone 
mode the following programming functions are avail- 
able: 


VERIFY — 


VERIFY performs two functions. For a programmed 
part, the device in the programming socket will be com- 
pared to the program data stored in internal memory. If 
the data and fuse settings are correct, VERIFIED will be 
displayed. VERIFY will also confirm that erased parts 
are blank. A device in the socket will display ERASED 
if all programmable locations are blank. 


PROGRAM 


In stand-alone mode, devices inserted into the pro- 
grammer socket will be programmed with data currently 
stored in memory. Pressing the PROGRAM key will 
cause the unit to program and verify both the program 
memory and the device fuses. If all program success- 
fully, PGM OKAY will be displayed. 


READ 


A pre-programmed device placed in the programmer 
socket can be read into the programmer unit by press- 
ing the READ key. Program and fuse data will be read 
and stored into internal memory. Various options exist 
with the READ function. 


PC HOST CONNECT MODE 
The PRO MATE provides a very user friendly user inter- 


face which allows complete control over the progam: 


‘ming session. 


The PRO MATE host software is a DOS windowed 


environment with full mouse support to allow the user 
to point and click when entering commands. 


The Host Software communicates with the PRO MATE 
via the serial port of the PC. Any of the four (COM 1-4) 
ports may be used. The communication is done at 
19200 baud to insure fast throughput. Communication 
will be established with the PRO MATE Device Pro- 
grammer prior to any transfers taking place. _ 


MS-DOS is a registered trademark of Microsoft Corp. 


Serialization is done by generating a serialization file, 
and then using that file to serialize locations in the 
PIC16/17 microcontroller. Once a serialization file is 
generated, it may be used over different programming 
sessions. Serial numbers are automatically marked as 


~used when a PIC16/17 is programmed successfully 


with that serial number. 


Complete control over the programming environment is 
also provided. Control over the programming and verify 
voltage of VDD insures that the Microcontroller will per- 
form in the desired environment. Programming (VPP) 
voltage is also adjustable to insure complete compat 
bility with future programming algorithms. 


Macro Assembler: 


e Provides translation of Assembler source code to 
object code for all PIC16/17 microcontroller prod- 
uct family. 

e Macro-Assembly capability. 

Provides Object files, Listing files, Symbol files, 

and special files required for symbolic menug with 

the PIC16/17 Emulator System. 


¢ Output formats: INHX8S and INHX8M. 
Simulator: 


e Instruction-level Simulator of the PIC16/17 micro- 
controller product family. 


For PC-compatible systems running the 
MS-DOS® operating system. 

Full screen simulation user interface. 
Symbolic debugging capability. 

I/O stimulus input capability. 
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PRO MATE SOCKET MODULE CROSS-REFERENCE 
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PIC16C58A 
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PIC16C61 





PIC16C64 
PIC16C65 
PIC16C620 
PIC16C621 


PIC16C622 
PIC16C71 


PIC16C73 


PIC16C74 


PIC16C8&4 
PIC17C42 
PIC17C44 
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SALES AND SUPPORT 


| To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the listed 


sales offices. 


| Programmer Part Number Description 


DV007001 


Socket Part Number 


AC 164001 
AC 164002 
AC 164010 
AC 164012 


AC164013. 
| AC164014 


AC164015 
AC174001 
AC174002 
AC 174004 
AC164017 
AC164018 


Programmer Kit as described above 


Description 

PIC16C54 thru C58A 18- & 28-Lead PDIP Socket Module 

PIC16C54 thru C58A 18- & 28-Lead SOIC Socket Module 

PIC16C61, PIC16C62X, PIC16C71, PIC16C84, 18-Lead PDIP/SOIC Socket Module 


PIC16C62, PIC16C64, PIC16C65, PIC16C73, PIC16C74, 40-Lead PDIP Socket 
Module 


PIC16C64, PIC16C65, PIC16C74, 44-Lead PLCC Socket Module 
PIC16C64, PIC16C65, PIC16C74, 44-Lead PQFP Socket Module 
PIC16C54 through PIC16C58A, 20 and 28-Lead SSOP Socket Module 
PIC17C42, PIC17C43, PIC17C44, 40-Lead PDIP Socket Module 
PIC17C42, PIC17C43, PIC17C44, 44-Lead PLCC Socket Module 
PIC17C42 44-Lead QFP Socket Module 

PIC16C73, 28-Lead SOIC Socket Module 

PIC16C62X 20-Lead SSOP Socket Module | 


Socket modules are sold separately. 
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MICROCHIP PICSTA RT°-1 6B1 


PIC16CXX Low-Cost Microcontroller Development System 














SYSTEM FEATURES ¢ For PC-compatible systems running the MS-DOS® 


operating system. 


EPROM Programmer System: e Macro-Assembly capability. 


* EPROM Development Programmer unit for the ¢ Provides Object files, Listing files, Symbol files, 
PIC16C5X and selected PIC16CXX Microcontrol- and special files required for symbolic debug with 
ler family members. Supports PIC16C54, the PIC16CXX Emulator System. 

PIC16C54A, PIC16C55, PIC16C56, PIC16C58A, * Output formats: INHX8S and INHX8M. 
PIC16C57, PIC16C61, PIC16C71, PIC16C84. ; 

¢ Operates with a PC-compatible host system Simulator: 

y ‘ : e Instruction-level Simulator of the PIC16CXX 

e READS, PROGRAMS, and VERIFIES EPROM microcontroller product family 
Memory. 

bs a ae e For PC-compatible systems running the MS-DOS® 
¢ PC Host Software provides file display and edit- operating system 
ing, and transfer to and from Programmer unit. 2. euirecreen Se es pa rene 

e Universal er | 

2 oes ee ¢ Symbolic debugging capability. 

Macta Asecmbler: e |/O stimulus input capability. 

et “Quick Start” Sample Kit: 

e Provides translation of Assembler source code to : ith lo kit of 
object code for all PIC16CXX microcontroller PP OviGes We: Beet fv oper y the sallipron so 
product family. PIC16CXX parts for initial prototype use. 





PICSTART is a registered trademark of Microchip Technology Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 
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PICSTART®-16B1 





SYSTEM DESCRIPTION 


The PICSTART-16B1 Development System provides 
the product development engineer with an alternative 
low-cost introductory microcontroller design tool set for 
the PIC16CXX family where full real-time emulation is 
not required. The equipment in the PICSTART-16B1 


system operates on any PC compatible machine run- | 


ning the MS-DOS/PC-DOS operating system. 


Provided in the System is an MS-DOS-based Software 
Simulator program (MPSIM), a microcontroller EPROM 
programmer, and a macro assembler program 
(MPASM). 


Sample software programs to be run on the simulator 
are provided to help the user to quickly become familiar 
with the development system and the PIC16CXX 
microcontroller line. 


The user need only provide his or her own preferred 
text editor and the system is ready for development of 
end products using the PIC16C54, PIC16C55, 
PIC16C56, PIC16C57, PICi6C58A, PIC16C61, 
PIC16C71 or PIC16C84 microcontrollers. | 


A “Quick Start’ PIC16CXX Product Sample Pak con- 
taining user programmable parts is also included. 


Microchip provides additional customer support to 
developers through an electronic Bulletin Board Sys- 
tem (BBS). Customers have access to the latest 
updates in software as well as application source code 
examples. Consult your local sales representative for 
information on accessing the BBS. 


PICSTART-16B1 Development Programmer: 


The Microchip device programmer system included in 
the PICSTART-16B1 Development System provides the 
product developer with the ability to program user soft- 
ware into PIC{1GCXX EPROM microcontrollers. It is 
designed to be a development programmer and not 
recommended for use in a production environment. : 


The programmer unit connects to a standard PC serial 
port. . 


A full screen, user-friendly software program is pro- 
vided for full interactive control over the programmer. 
Parts may be Read, Programmed, Blank checked and 
Verified. Also, all fuses and ID locations may be speci- 
fied. 


A large screen buffer editing facility allows the user to 
change and program location in hexadecimal. Com- 
plete program data can be loaded and saved to DOS 
disk files. Files generated by the MPASM Assembler 
program are directly loadable into programmer 
memory. 


SALES AND SUPPORT 


~ MPSIM Simulator: 


The MPSIM Simulator program provides the developer 
with an instruction and limited I/O simulator software 
program for debugging PIC16/17 assembler code. 


The simulator is meant for use with smaller projects not 
requiring precise, more extensive development equip- 
ment. Many applications can be developed by uSIng a 
simulator program alone. 


The MPSIM Simulator has the following features to 
assist in the debugging of soltwareturnwate for the 
user. 


Program Load/Save | 


Commands exist to load assembled object file pro- 
grams into simulation memory. Conversely, programs 
may be saved from program simulation memory back to 
the PC disk. 


Display & Alter 


Provisions are made to display and alter. eee 
Memory, Register Files, and status register bits. Also 
simulator information such as cycle times, elapsed 
time, and step count can be displayed. 


Utility Functions 


Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurrences of instructions, register use, and ASCIl 
data. 


Disassembler 


Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for spec- 
ified address ranges. 


Symbolic Debugging 


The simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be dis- 
played. New symbols defined and unwanted symbols 
deleted. 


Execution and Trace 
During program execution, address ranges, registers, 


register contents, and others can be traced. 


Breakpoints 


The user may specify up to 512 breakpoints at any one 
time. 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part number, and refer to the 


listed sales offices. 


PART NUMBER 
DV163003 
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TM 


MicROCcHIP PICSTA RT°®-1 6C 


PIC16CXX Low-Cost Microcontroller Development System 














SYSTEM FEATURES e For PC-compatible systems running the MS-DOS® 
operating system. 

EPROM Programmer System: * Provides Object files, Listing files, Symbol files, 

e EPROM Programmer unit for the PIC16CXX and special files required for symbolic debug with 
Microcontroller family. Supports the PIC16C64, the PIC16CXX Emulator System. 
PIC16C65, PIC16C73 and the PIC16C74. e Output formats: INHX8S and INHX8M. 

e Operates with a PC-compatible host system. Simulator: 

e READS, PROGRAMS, and VERIFIES EPROM e Instruction-level Simulator of the PIC16/17 
Memory. microcontroller product family. 

¢ PC Host Software provides file display and edit- ° For PC-compatible systems running the MS-DOS® 
ing, and transfer to and from Programmer unit. operating system. 


Universal power supply Full screen simulation user interface. 
RS-232 interface cable e Symbolic debugging capability. 
Macro Assembler: e 1/O stimulus input capability. 
Provides translation of Assembler source code to “Quick Start” Sample Kit: 


object code for all PIC16CXX microcontroller * Provides the User / Developer with a sample kit of 


product family. n the supported PIC16CXX parts for initial prototype 
Macro-Assembly capability. . use. 





PICSTART is a registered trademark of Microchip Technology Inc. 
MS-DOS is a registered trademark of Microsoft Corp. 
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PICSTART®-16C 





SYSTEM DESCRIPTION 


The PICSTART-16C Development System provides the 
product development engineer with an alternative low- 


cost introductory:microcontroller design tool set for the 


PIC16CXX family where full real-time emulation is not 
required. The equipment in the PICSTART-16C system 
operates on any PC compatible machine running the 
MS-DOS/PC- DOS operating system. 


Provided in the System is an MS-DOS-based Software 
Simulator program (MPSIM), a microcontroller EPROM 
programmer, and a macro assembler program 
(MPASM). -— : a 


Sample software programs to be run on the simulator 
are provided to help the user to quickly become familiar 
with the development system and the PIC16CXX 
microcontroller line. 


The user need only provide his or her own preferred 
text editor and the system is ready for development of 
end products using the PIC1i6C64, PIC16C65, 
PIC16C73, or the PIC16C74. 


A "Quick Start" PIC16CXX Product Sample Pak con- 
taining user programmable parts is also included. 


Microchip provides additional customer support to 
developers through an electronic Bulletin Board Sys- 
tem (BBS). Customers have access to the latest 
updates in software as well as application source code 
examples. Consult your local sales representative for 
information on accessing the BBS. 


PICSTART-16C Development Programmer: 


The Microchip device programmer system included in 
the PICSTART-16C Development System provides the 


product developer with the ability to program user soft- . 


ware into PIC16CXX EPROM microcontrollers. It is 
designed to be a development programmer and not 
recommended for use in a production environment. 


The programmer unit connects to a standard PC serial 
port. 


A full screen, useraniendly software program is pro- 
vided for full interactive control over the programmer. 
Parts may be Read, Programmed, Blank checked, and 
Verified. Also, all fuses and ID locations may be speci- 
fied. ; 


A large screen buffer editing facility allows the user to 


change and program location in hexadecimal. Complete 


program data can be loaded and saved to DOS disk 
files. Files generated by the MPASM Assembler pro- 
gram are directly loadable into programmer memory. 


SALES AND SUPPORT 


MPSIM Simulator: 


The MPSIM Simulator program provides the developer 
with an instruction and limited !/O simulator software 


. program for debugging PIC16/17 assembler code. 


The simulator is meant for use with smaller projects not 
requiring precise more extensive development equip- 
ment. Many applications can be developed by using a 
simulator program alone. 


The MPSIM Simulator has the following features to 
assist in the debugging of software/firmware for the 
user. 


Program Load/Save 


Commands exist to load assembled object file pro- 
grams into simulation memory. Conversely, programs 
may be saved from program simulation memory back to 
the PC disk. 


Display & Alter 


Provisions are made to display and alter Program 
Memory, Register Files, and status register bits. Also 
simulator information such as cycle times, elapsed 
time, and step count can be displayed. 


Utility Functions 


Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurances of instructions, register use, and ASCII 
data. 


Disassembler 


Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for spec- 
ified address ranges. 

Symbolic Debugging © 


The. simulator provides for symbolic referencing to aid 
and simplify debugging. The symbol table may be dis- 
played. New symbols defined and unwanted symbols 
deleted. 


Execution and Trace 


During program execution, address ranges, registers, 
register contents, and others can be traced. 


Breakpoints | 


The user may epectly up to 512 een at any one 
time. 


To order or to obtain information, e. g., on the pricing or delivery, please use the listed part number, and refer to the 
listed sales offices. . 
PARTNUMBER 


DV163002 
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MICROCHIP 


PICDEM-1 








Low-Cost PIC16/17 Demonstration Board 








PRODUCT INFORMATION 


The PICDEM-1 is a simple board which demonstrates 
the capabilities of several Microchip microcontrollers. 
The microcontrollers supported are: PIC16C5X 
(PIC16C54 to PIC16C58), PIC16C61, PIC16C62X, 
PIC16C71, PIC16C84, PIC17C42, PIC17C43 and 
PIC17C44. All necessary hardware is included to run 
basic demo programs, which are supplied on a 3.5" 
disk. The users can program the samples (one each of 
PIC17C42, PIC16C71 and PIC16C55) provided with 
the PICDEM-1, on a PRO MATE” or PICSTART® pro- 
grammer and easily debug/test the sample code, or the 
user can connect the PICDEM-1 with the PICMASTER 
emulator and download the sample code to the emula- 
tor and debug/test the code. Additionally, a generous 
200-hole prototype area is available for the user to build 
some additional hardware and connect it to the micro- 
controller socket(s). 











PICSTART is a registered trademark, and PRO MATE is a trademark of Microchip Technology Inc. 


FEATURES: 


Hardware: 
e 40-pin, 28-pin and 18-pin Precision sockets for all 
supported microcontrollers. 


¢ On board +5V regulator and filter rectifier for direct 
input from 9V AC/DC wall adapter. 


e RS-232 socket and associated hardware for direct 
connection to RS-232 interface. 


e 5K pot to simulate analog input for PIC16C71. 


e Three push button Key for external stimulus and 
RESET. 


e Eight bright LEDs connect to PORTB, help in dis- 
playing 8-bit binary values on PORTB. 


¢ Socket for “canned” crystal Oscillator. 

¢ Unpopulated holes provided for Xtal connection 
e Jumpe;x to disconnect on board RC Oscillator. 

e 200-hole prototype area for users hardware. 


© 1995 Microchip Technology Inc. 
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PICDEM-1 





Software: DOCUMENTATION 


2 Programler FIC 16C7 110 demonstrate on-chip A/D e Acomprehensive User's Guide with easy to follow 


habs jppIGieeadicd — ss step-by-step Getting Started and a Tutorial. 
¢ Program for PIC o demonstrate on-chip 7m Bio se : 
EEPROM. Schematics for the entire circuit. 
e Program for PIC17C42 to demonstrate on-chip SAMPLES 
USART. | : 
° Program for PIC16C5X to demonstrate key input Several UV erasable devices supplied are included. 
capability. : The device types may change from time to time. The 


supplied devices are typically: 


All demo programs supplied on 3.5" disk, 


Additional programs available on Microchip's BBS. ° PIC17C42 
~ @ PIC16C71 


e PIC16C55 


SALES AND SUPPORT 
To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to the 
listed sales offices. 

PART NUMBER | DESCRIPTION 

DM163001 Low-cost Demonstration Board for 





PIC16C5X, PIC16C61, PIC1GC62X, PIC16C71, | 
PIC16C84, PIC17C42, PIC17C43 and PIC17C44. 


SSSA SSI SI PR A aE NRA IE AID A OT a GET SEE REG SRT : : _ " : : . ~ 
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MICROCHIP 


PICDEM-2 








Low-Cost PIC1I6CXX Demonstration Board 








PRODUCT INFORMATION 


The PICDEM-2 is a simple board which demonstrates 
the capabilities of several Microchip microcontrollers, 
including PIC16C64/65 and PIC16C73/74. All neces- 
sary hardware is included to run basic demo programs, 
which are supplied on a 3.5" disk. A programmed 
sample is included, and the user may erase it and pro- 
gram it with the other sample programs using the 
PRO MATE” or PICSTART® programmer and easily 
debug and test the sample code. The PICDEM-2 is also 
usable with the PICMASTER® emulator, and all of the 
sample programs can be run and modified using the 
PICMASTER. Additionally, a generous prototype area 
is available for user hardware. 





FEATURES: 


Hardware: 

e 40- and 28-pin DIP sockets 

¢ On board +5V regulator for direct input from 9V 
AC/DC wall adapter or 9V battery. 

e RS-232C socket and associated hardware for 
direct connection to RS-232C interface. 

¢ 5K pot for analog inputs for the PIC16C73/74 

e Three push button keys for external stimulus and 
RESET. 

¢ Eight bright LEDs connected to PORTB for dis- 
playing 8-bit binary values. 

¢ Socket for “canned” crystal oscillator. 

e¢ Unpopulated holes provided for crystal connection 

¢ 128 x 8 Serial EEPROM. 

¢ LCD module header. 

¢ Keyboard header. 

e Unpopulated holes for ACCESS.bus™ connector. 

e Jacks for connection of 9V battery. 

e Jumper to disconnect on-board RC oscillator. 


e Prototype area for user hardware. 


© 1995 Microchip Technology Inc. 
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PICDEM-2 





Software: DOCUMENTATION: 
e Program for PIC16C74 to demonstrate on-chip 
A/D feature. - 


e Program for PIC16C64 to domoncteie PC Serial 
EEPROM usage. 


° All demo programs supplied on 3.5" disk. Samples: 

¢ Additional programs available on Microchip's BBS. Several UV erasable devices supplied are included. 
The device types may change from time to time. The 
supplied devices are typically: 
e PIC16C64 
e PIC16C74 


e Acomprehensive User's Guide with easy to 
follow, step-by-step Getting Started and Tutorial. 
e Full schematics. 


SALES AND SUPPORT 


To order or to obtain information, ¢.g., on the pricing or delivery, please use the listed part numbers, and ipIGr to 
the listed sales offices. 


PART NUMBER | DESCRIPTION 


DM163002 Low-cost Demonstration Board for 
PIC16C64, PIC16C65, PIC16C73 AND PIC17C74 





PICSTART and PICMASTER are rageiared trademarks of Microchip Technology Inc. 
PRO MATE lis a trademark of Microchip Technology Inc. 

ACCESS.bus is a trademark of Access.bus Industry Group Ne): 

I2C is a trademark of Philips Corporation. 
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NAICROCHIP 


MPASM Universal Assembler 








Universal PIC16/17 Microcontroller Assembler Software 








This product brief describes the technical aspects of 
the PIC16/17 Assembler. The MPASM Cross Assem- 
bler is a PC hosted symbolic assembler. It supports all 
microcontroller series, including the PIC16C5X, 
PIC16CXX and PIC17CXxX families. 


MPASM offers fully featured Macro capabilities, condi- 
tional assembly, and several source and listing formats. 
It generates various object code formats to support 
Microchip's development tools as well as third party 
programmers. 


MPASM allows full symbolic debugging from the 
Microchip Universal Emulator System (PICMASTER®). 


MPASM REQUIREMENTS 


MPASM will run on any IBM PC/AT® or compatible 
computer running DOS 5.0 or later. 





PICMASTER is a registered trademark of Microchip Technology Inc. 
IBM PC/AT is a registered trademark of IBM Corp. 





© 1995 Microchip Technology Inc. 


MPASM ASSEMBLER FEATURES 


MPASM supports the 12-bit PIC16C5X, the 14-bit 
PIC16CXX, and the 16-bit PIC17CXX cores. 


All instructions are single-word and single-cycle, except 
for branches, which execute in two cycles. Most instruc- 
tions operate on one or more operands. 


MPASM have the following features to assist in devel- 
oping software for specific user applications: 


e Provides translation of Assembler source code to 
object code for all Microchip microcontrollers. 
e Macro Assembly Capability 


e Provides Object, Listing, Symbol and special files 
required for debugging with one of the Microchip 
Emulator systems. 


¢ Supports Hex (default), Decimal and Octal source 
and listing formats. 

¢ Output formats: INHX8S, INHX8M, INHX32 and 
relocatable objects. 
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MPASM Universal Assembler 





MPASM DIRECTIVE LANGUAGE 


MPASM provides a full featured directive language rep- 
resented by four basic classes of directives: 


¢ Data Directives are those that control the alloca- 

tion of memory and provide a way to refer to data 

items symbolically, by meaningful names. 

Listing Directives control the MPASM listing dis- 

play. They allow the specification of titles and sub- 

titles, page ejects and other listing control. 

Control Directives permit sections of conditionally 

assembled code. — _ 

¢ Macro Directives control the execution and data 
allocation within macro body definitions. 


SALES AND SUPPORT 


MPASM INSTRUCTION SET 


MPASM supports the entire instruction set of the 
PIC16C5X, PIC16CXX and PIC17CXX microcontrol- 


_lers, as represented in the following four classes of 


instructions: 


_ Data Move Operations 


¢ Arithmetic and Logical Operations 

e Bit Manipulation Operations 

¢ Special Control Operations 

The Microchip microcontroller set is used to operate on 
data located in any of the file registers, including the I/O 
registers. There are: 

e Data Transfer Operations 

e Logical Operations 

e Rotate Operations | 

MPASM provides bit level file register operations to 
manipulate and test individual bits in any addressable 
register, literal and control operations permitting opera- 


tions on literals and branches to subroutines in program 
memory. 


The Microchip microcontroller instruction sets allow 
read and write of special function registers such as the 
PC and status registers. 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to 


the listed sales offices. 
PART NUMBER 
SW165002 


DESCRIPTION 


MPSIM/MPASM Simulator and Assembler 
Software and Documentation 
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MICROCHIP 


MPSIM Simulator 








PIC16/17 Microcontroller Simulator 








MPSIM is a discrete event simulator software applica- 
tion designed to imitate operation of the PIC16/17 
microcontrollers. It allows the user to debug software 
that will use any of these microcontrollers. 


At any instruction boundary, you may examine and/or 
modify any data area within the processor, or provide 
external stimulus to any of the pins. MPSIM gives youa 
solid, low cost, source-level debug tool to help you 
through the early design verification stages of your 
project. 


MPSIM REQUIREMENTS 


MPSIM requires an IBM PC/AT® or compatible com- 
puter running DOS version 5.0 or later. The PC needs 
a 3-1/2” floppy disk drive and at least 256K of main 
memory; MPSIM.EXE occupies roughly 150K. Recom- 
mended is a hard disk drive with 5 Mb of available stor- 
age. 





IBM PC/AT is a registered trademark of IBM Corp. 
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MPSIM SIMULATOR 


The MPSIM Simulator program provides the developer 
with an instruction and limited I/O simulator software 
program for debugging Microchip microcontroller 
assembler code. 


The simulator is meant for use with smaller projects not 
requiring precise, more extensive development equip- 
ment. Many applications can be developed by using a 
simulator program alone. 


The PIC16CXX and PIC17CXX families support vari- 
ous peripherals and interrupts. MPSIM generally simu- 
lates interrupts and most peripheral functions. 
However, certain peripheral functions are not sup- 
ported (such as A/D conversion or serial /O). 


The MPSIM Simulator has the following features to 
assist in the debugging of software / firmware for the 
user: 
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MPSIM Simulator 





Program Load / Save 


Commands exist to load assembled object file pro- — 
grams into simulation memory. Conversely, programs ._ 


may be saved from program simulation memory back to 
the PC disk. . | 


Display and Alter 


Provisions are made to display and alter Program 
Memory, Register Files and status register bits. Also, 
simulator information such as cycle times, elapsed 
time, and step count can be displayed. 


Disassembler 


Program memory can be disassembled showing both 
hexadecimal data and instruction mnemonics for spec- 
ified address ranges. 


Utility Functions 


Various utility functions exist which assist the user in 
operating the simulator. Memory and registers can be 
cleared by command. Memory can be searched to find 
occurrences of instructions, register use and ASCII 
data. 


SALES AND SUPPORT 


Symbolic Debugging 


‘The simulator provides for symbolic referencing to aid 


and simplify debugging. The symbol table may be dis- 
played. New symbols defined and unwanted symbols 
deleted. 


Execution and Trace 


During program execution, a number of items can be | 
traced. Address ranges, registers and register contents 
and others. 


Breakpoints 


The user may specify up to 512 breakpoints at any one 
time. 


Assembler Support 


MPSIM works with Microchip‘s MPASM Universal 
Assembler. 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer to 


the listed sales offices. 


PART NUMBER 
SW165002 


DESCRIPTION 
MPSIM/MPASM Simulator and Assembler 


Software and Documentation 





3 : : : a 
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C Compiler 








MP-C C COMPILER FOR PIC16/17 


This product brief describes the technical aspects of 
the MP-C Code Development System for PIC16/17 
micro-controllers developed by Byte Craft Limited. 


The MP-C Code Development System is a complete ‘C’ 
compiler and integrated development environment for 
Microchip's PIC16/17 family of microcontrollers. The 
compiler provides powerful integration capabilities and 
ease of use not found with other compilers. 


For easier source level debugging, the compiler pro- 
vides symbol information that is compatible with the 
PICMASTER Universal Emulator memory display 
(emulator software versions 1.13 and later). 





IBM PC/XT and PC/AT are registered trademarks of IBM Corporation. 


© 1995 Microchip Technology Inc. 


MP-C is fast and efficient. You can quickly produce 
stand-alone single-chip microcontroller applications. 
These, taken with its other advantages make the Byte 
Craft MP-C Code Development System the first choice 
in intelligent compiler technology. 


MP-C Requirements 


The compiler will run on any IBM PC, PC/XT®, PC/AT® 
or compatible computer, running DOS 5.0 or later. 


MP-C Code Development System Features 


MP-C supports the 12-bit PIC16C5X, the 14-bit 
PIC16CXX, and 16-bit PIC17CXX cores. It is a rule- 
based compiler with expert systems tailored to each of 
these platforms for optimal efficiency. 


The compiler generates executable code directly from 
the compile process. There is no need for an extra step 
to assemble code generated by the compiler. 
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MP-C has the following features to assist in developing 


PIC16/17 software for specific user applications: 


Provides Object, Listing, Symbol and special files 
required for debugging with other Microchip 
Development systems. 


Supports interrupt routines 

Checks source against target hardware definitions 
Generates efficient, tight object code | 
Includes a linker and built-in macro assembler 


‘C’ enhancements specific to the PIC16/17 fami- 
lies’ instruction sets. 


Output formats: INHX8S, INHX8M, and INHX32. 


SALES AND SUPPORT 


MP-C Microprocessor Specific Extensions 


The MP-C Code Development System includes com- 
mon ‘C’ enhancements such as ROM arrays, binary 


‘constants and case statements together with functions 


specific to the PIC16/17 architecture. 


e Binary Constants of the form 0b0101110 which 
are logical extensions to the conventional 0x1a3b 
style of hexadecimal constants. You may also use 
OB as leading characters. 


Case Statements are supported well by the 
PIC 16/17 instruction set and the compiler pro- 
vides a superset of the standard ‘C’ case state- 
ment. For example, case 4,5:, case ‘0’.’9', and 
complex case statements are allowed. 


Processor Specific Functions that are specific 
to the PIC16/17 family. For example NOP() and 
SLEEP() produce the equivalent PIC16/17 
instruction. 


e “At” or @ Extension allows you to fix a variable 
to a specific address in memory, for example: intN  . 
@ Ox0C. 


The MP-C Code Development System is supplied directly by Byte Craft Limited of Waterloo, Ontario, Canada. 


If you have any questions please contact your regional Microchip FAE or Microchip technical support personnel 
at (602) 786-7627. 
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fuzzyTECH®-MP 








Fuzzy Logic Development System for PIC16/17 








fuzzyTECH-MP FOR MICROCHIP 
PIC16/17 


This product brief describes the technical aspects of 
the fuzzyTECH-MP Fuzzy Logic Development System 
for PIC16/17 microcontrollers developed by INFORM 
Software Corporation specifically for Microchip. 


The fuzzyTECH-MP Development System comes in 
two versions. The first, the Explorer, contains every- 
thing you need to gain a comprehensive working knowl- 
edge about fuzzy-logic system design. It is easy-to-use, 
all graphic editors and tools guide you step-by-step 
through the development phases of fuzzy systems. The 
Explorer supports two input variables and one output 
variable. 


The full-featured fuzzyT ECH-MP Edition offers all of the 
capabilities of the Explorer, plus it has the additional 
flexibility of eight input variables and four output vari- 
ables for designing more complex systems. The full fea- 


tures are enabled with a hardware key lock attached to 
the parallel port of the PC. 


Included in both versions is fuzzyLAB™, a fully func- 
tional demonstration board, to give customers hand-on 
experience with fuzzy logic systems implementation. 
fuzzyL_AB is a simple heating thermostat consisting of a 
PWM-controlled resistor configured to heat a ther- 
mistor to a preset temperature. Using the two fuzzy 
algorithms provided, a designer can set a target tem- 
perature and observe the thermostat response to the 
set point. 


Both systems generate assembly code compatible with 
the MPASM, Microchip’s Universal Assembler, that can 
be integrated into your application. Examining this code 
provides you with further insights into the fabrics of 
fuzzy logic systems. 
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fuzzyTECH®-MP 








fuzzyTECH-MP System Requirements 


fuzzyTECH-MP will run on any IBM PC® (386 or 
higher) or compatible computes running DOS 4.1 or 
later, and Microsoft Windows® 3.0 or later. Because 
fuzzyTECH-MP makes extensive use of graphics, a 
color graphic monitor (VGA) is required, and higher res- 


~ Olutions of 800 x 600 or 1024 x 768 are recommended. 


hat is Fuzzy Logic? 


Fuzzy logic is a technology that enhances mode-based 
system designs using both intuition and engineering 
heuristics. Fuzzy logic uses elements of everyday lan- 
guage to represent desired system behavior, thus cir- 
cumventing the need for rigorous mathematical 
modeling. 


It is an efficient way of designing, optimizing and main- 

taining highly complex systems transparently. 

Fuzzy Logic Applications 

Fuzzy logic finds its home in unique applications: . 

e When no adequate mathematical model for a 
given problem is readily apparent. 

e¢ When non-linearities, time constraints or emaltipre 
parameters exist. 

e When engineering know-how about the given 
problem is available or can be acquired during the 
design process. 


SALES AND SUPPORT 


The TECH-MP Implementation 

fuzzyTECH-MP provides the following standard fea- 
tures: | 

¢ Windows Compatible with full graphical user inter- 
face 

8-Input variables (2 for the Explorer version) 
4-Output variables (1 for the Explorer version) 

8-Bit resolution on input and output variables 


16-Bit computation resolution for the PIC16CXX 
and PIC17CXX microcontrollers 


No theoretical limit on rules, antecedents and lin- 
guistic conjunctions (chip limitations will place a 
practical limit on these) 

¢ MAX-MIN and MAX-DOT inference methods 

e CoM and MoM defuzzification methods 

¢ MPASM Compatible 

e PICMASTER® Compatible 

fuzzyTECH-MP 

fuzzyTECH-MP is available directly from Microchip 


Technology and its authorized distributors. Contact 
your local sales office for more information. 


To order or to obtain information, e.g., on the pricing or delivery, please use the listed part numbers, and refer 


to the listed sales offices. 
PART NUMBER 
DV005001 
DV005002 


DESCRIPTI No 
| fuzzyTECH- MP EXPLORER 


fuzzyTECH-MP EDITION 





fuzzyTECH isa registered trademark of INFORM Software Corporation. 
PICMASTER is a registered trademark of Microchip Technology Inc. fuzzyLAB is a trademark of Microchip. 


IBM-PC is a registered trademark of IBM Corporation. 


Microsoft Windows is a registered trademark of Microsoft Corporation. 
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MICROCHIP M E M O RY 


Shortform Catalog to Non-Volatile Memory Products 








The following shortform catalog will provide an over- For detailed information on these non-volatile memory 
view to Microchip Technology Inc.’s Serial EEPROM, devices and development systems, please refer to the 
Parallel EEPROM and EPROM products. This Microchip Non-Volatile Memory Products Data 
includes: IC™ Serial EEPROM, Microwire™ Serial Book. (A copy can be obtained by calling your local 
EEPROM, Specialty Serial EEPROM and EPROM Microchip sales office.) 


devices with complementary development systems. 
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Non-Volatile Memory Products. 





I°C™ SERIAL EEPROM PRODUCT SPECIFICATIONS* 





sai Masse Part 
Density | canes Nueaber ‘SUPBY Voltage | Package Features 
1K Bit 1024 bits 24AA01 +1.8V to 5.5V 8-Lead PDIP 8-byte page, maximum write time 
~ (128 x 8) 8-Lead SOIC 10ms/page, 10 million erase/write cycles, 
~100/400KHz clock, hardware _ 
write-protect. 
2K Bit 2048 bits 24AA02 = +1.8V to 5.5V 8-Lead PDIP  8-byte page, maximum write time 
| 8-Lead SOIC 10 ms/page, 1 million erase/write cycles, 
100/400KHz clock, hardware 
write-protect. | 
4K Bit 4096 bits 24AA04 = = +1.8V to 5.5V 8-Lead PDIP 16-byte page, maximum write time 
(512 x 8) 8-Lead SOIC 10 ms/page, 1 million erase/write cycles, 
14-Lead SOIC 100/400KHz clock, hardware 
write-protect. 
8K Bit 8192 bits 24AA08 = +1.8V to 5.5V 8-Lead PDIP 16-byte page, maximum write time 
(1K x 8) 8-Lead SOIC 10ms/page, 1 million erase/write cycles, 
14-Lead SOIC 100/400KHz clock, hardware 
write-protect. 
16K Bit 16384 bits 24AA16 +1.8Vto+5.5V 8-LeadPDIP 16-byte page, maximum write time 
(2K x 8) 8-Lead SOIC 10ms/page, 10 million erase/write cycles, 
44-Lead SOIC 100/400KHz clock, hardware 
write-protect. 
16K Bit 16384 bits 24AA164 4+1.8V to 5.5V 8-Lead PDIP 16 byte page, cascadable up to 8 devices 
(2K x 8) 8-Lead SOIC onsame bus, up to 400KHZz clock. 
10 million erase/write cycles. 
32K Bit 32768 bits 24AA32 = +1.8V to 6.0V 8-Lead PDIP 64 byte input cache, maximum write time 
(4K x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 
size, 10 million erase/write cycles for high 
endurance block, up to 400 KHz clock, up 
| to 8 devices on same bus. 
64K Bit 64736 bits 24AA65 +1.8Vt06.0V  8-LeadPDIP 64 byte input cache, maximum write time 
(8K x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 
size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, up to 400 KHz clock, up to 
8 devices on same bus. 
1K Bit 1024 bits 24LCO1B* +2.5Vto+5.5V  8-LeadPDIP 8-byte page, maximum write time 
(128 x 8) 8-Lead SOIC 10ms/page, 10 million erase/write cycles, 
400KHz clock, hardware write-protect. 
2K Bit 2048 bits 24LC02B* +2.5Vto+5.5V 8-LeadPDIP 8-byte page, maximum write time 
8-Lead SOIC 10ms/page, 1 million erase/write cycles, 
400KHz clock, hardware write-protect. 
4K Bit 4096 bits 24LCO4B* +2.5Vto+5.5V 8-LeadPDIP 16-byte page, maximum write time | 
(512 x 8) 8-Lead SOIC 10ms/page, 1 million erase/write cycles, 
44-Lead SOIC 400KHZz clock, hardware write-protect. 
8K Bit 8192 bits 24LCO8B* +2.5Vto+5.5V 8-LeadPDIP 16-byte page, maximum write time 
(1K x 8) 8-Lead SOIC 10ms/page, 1 million erase/write cycles, 
44-Lead SOIC 400KHz clock, hardware write-protect. 
16K Bit 16384bits 24LC16B* +2.5Vto+5.5V 8-Lead PDIP 16-byte page, maximum write time 
| (2K x 8) 8-Lead SOIC 10ms/page, 10 million erase/write cycles, 
14-Lead SOIC 400KHz clock, hardware write-protect. 


“Available in standard commercial and industrial temperature ranges. 
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I?C™ SERIAL EEPROM PRODUCT SPECIFICATIONS* (CONTINUED) 


Part 





Density Organization Number Supply Voltage Package Features 
16K Bit 16384 bits 24LC164* 4+2.5V to 5.5V 8-Lead PDIP 16 byte page, cascadable up to 8 devices 
(2K x 8) 8-Lead SOIC onsame bus, up to 400KHz clock. 
10 million erase/write cycles. 
32K Bit 32768 bits 24LC32* +2.5Vto+6.0V 8-Lead PDIP 64-byte input cache, maximum write time 
(4K x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 
size, up to 400KHz clock, up to 8 devices 
on same bus, split endurance. 10 million 
erase/write cycles for high endurance 
block. 
64K Bit 64736 bits 24LC65* +25VTO+6.0V 8-Lead PDIP 64-byte input cache, maximum write time 
(8K x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 
size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 
400KHz clock, up to 8 devices on same 
bus. 
1K Bit 1024 bits 24C01A** +5.0V 8-Lead PDIP __ For fast byte write (1ms) or E-temp 
(128 x 8) 8-Lead SOIC applications only, other applications 
should use 24LCO01B. 2-byte page, typ. 
write time 1ms per byte, 1 million 
erase/write cycles. 
2K Bit 2048 bits 24CO2A** +5.0V 8-Lead PDIP __ For fast byte write (1ms) or E-temp 
8-Lead SOIC applications only, other applications 
should use 24LC02B. 2-byte page, typ. 
write time 1ms per byte, 1 million 
erase/write cycles. 
4K Bit 4096 bits 24CO04A** +5.0V 8-Lead PDIP _ For fast byte write (1ms) or E-temp 
(512 x 8) 8-Lead SOIC applications only, other applications 
14-Lead SOIC should use 24LCO04B. 8-byte page, typ. 
write time 1ms per byte, 1 million 
erase/write cycles. 
8K Bit 8192 bits 24CO8B** +4.5Vto+5.5V  8-Lead PDIP Available in automotive (E) temp. only. 
(1K x 8) 8-Lead SOIC 
16K Bit 16384 bits 24C16B** +4510 +5.5V 8-Lead PDIP Available in automotive (E) temp. only. 
(2K x 8) 8-Lead SOIC 
32K Bit 32768 bits 24C32* +4.5Vto+5.5V 8-Lead PDIP 64-byte input cache, maximum write time 
(4K x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 
size, up to 400KHz clock, up to 8 devices 
on same bus, split endurance. 10 million 
erase/write cycles for high endurance 
block. 
64K Bit 64736 bits 24C65* = +4.5Vto+5.5V 8-Lead PDIP 64-byte input cache, maximum write time 
(8K x 8) 8-Lead SOIC 10ms/page (8-byte page), variable page 
size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 400 
kHz clock, up to 8 devices on same bus. 
1K Bit 1024 bits 85C72** +5.0V 8-Lead PDIP 2-byte page, typical write time ims per 
(128 x 8) 8-Lead SOIC _ byte, 1 million erase/write cycles, 10O0KHz 


*Available in standard commercial and industrial temperature ranges. 
**Available in standard commercial, industrial and automotive temperature ranges. 


clock, can connect up to 8 devices on the 
same bus. CMOS version of PCD8572. 
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I2C™ SERIAL EEPROM PRODUCT SPECIFICATIONS* (CONTINUED) | 
Part 





Density Organization Number Supply Voltage Package Features 
2K Bit 2048 bits 85C82** +5.0V 8-Lead PDIP  2-byte page, typical write time 1ms per 
8-Lead SOIC _ byte, 1 million erase/write cycles, can 
connect up to 8 devices on the same bus. 
| | CMOS version of PCD8582. 
4K Bit 4096 bits 85C92** +5.0V 8-Lead PDIP  8-byte page, typical write time 1ms per 
(512 x 8) 8-Lead SOIC _ byte, 1 million erase/write cycles, can 


44-Lead SOIC connect up to 4 devices on the same bus 
and hardware write-protect. Memory 
upgrade of PCD8582. 


For higher densities, see Smart Serial section on page 6. 


MICROWIRE™ SERIAL EEPROM PRODUCT SPECIFICATIONS* 





Density Organization Pate Supply Voltage Package Features 
1K Bit 128x8o0r 93AA46*** 41.8Vto+5.5V  8-Lead PDIP Hardware READY/BUSY signal, 2MHz 
64 x 16 8-Lead SOIC max.clock rate, 4ms per word typical 
| write time, 1 million erase/write cycles, 
and sequential read function. 
2K Bit 256 x8 or 93AA56*** +1.8Vto+5.5V  8-LeadPDIP Software READY/BUSY signal, 2MHz 
128 x 16 8-Lead SOIC max.clock rate, 4ms per word typical 
write time, 10 million erase/write 
cycles, and sequential read function. 
4K Bit 512x8o0r 93AA66*** 41.8V10+5.5V  8-LeadPDIP Software READY/BUSY signal, 2MHz 
256 x 16 8-Lead SOIC max. clock rate, 4ms per word typical 
write time, 10 million erase/write 
cycles, and sequential read function. 
1K Bit 128 x8 or 93LC46* +2.0Vto+6.0V 8-Lead PDIP Hardware READY/BUSY signal, 2MHz 
64 x 16 8-Lead SOIC max.clock rate, 4ms per word typical 
write time, 1 million erase/write cycles, 
and sequential read function. 
2K Bit 256 x8 or 93LC56* +2.0Vto+6.0V 8-LeadPDIP Software READY/BUSY signal, 2MHz 
128 x 16 8-Lead SOIC max.clock rate, 4ms per word typical 
write time, 10 million erase/write 
cycles, and sequential read function. 
4K Bit 512x8or 93LC66* +2.0Vto+6.0V 8-Lead PDIP Software READY/BUSY signal, 2MHz 
256 x 16 8-Lead SOIC max.clock rate, 4ms per word typical 


write time, 10 million erase/write 
cycles, and sequential read function. 


1K Bit 64 x 16 93LC46B* +2.0Vto+6.0V 8-Lead PDIP Hardware READY/BUSY signal, 2MHz 
8-Lead SOIC max.clock rate, 4ms per word typical 
write time, 1 million erase/write cycles, 
sequential read function, and x16 
organization hard-wired by factory. 


2K Bit 128 x 16 93LC56B* +2.0Vto+6.0V 8-Lead PDIP Software READY/BUSY signal, 2MHz 
: 8-Lead SOIC max.clock rate, 4ms per word typical 
write time, 10 million erase/write 
cycles, sequential read function, and 
x16 organization hard-wired by factory. 


*Available in standard commercial and industrial temperature ranges. 
** Available in standard commercial, industrial and automotive temperature ranges. 
*** Available in commercial temperature range. 


Sag SAP PD TEE TI NP SE TS MEE PIPE SS ES I PE TE SIE SSO TE DE SES ESP EE EOCENE ETS ET OT SS ENTS ESTO EC I SOT TLE SES TO IEG SOE EDEN ET ICDL SETTER, 


DS00031J-page 6-4 © 1995 Microchip Technology Inc. 


Non-Volatile Memory Products 


MICROWIRE™ SERIAL EEPROM PRODUCT SPECIFICATIONS* (CONTINUED) 


Part 





Density Organization Number Supply Voltage Package Features 
4K Bit 256 x 16 93LC66B* +2.0Vto+6.0V 8-LeadPDIP Software READY/BUSY signal, 2MHz 
8-Lead SOIC max.clock rate, 4ms per word typical 
write time, 10 million erase/write 
cycles, sequential read function, and 
x16 organization hard-wired by factory. 
256 Bit 16x 16 93C06** +4.5Vto+5.5V  8-Lead PDIP For fast byte write (1ms) or E-temp 
8-Lead SOIC applications only. All other 
applications see 93LC46. Software 
READY/BUSY signal. 1MHz max. clock 
rate. 
1K Bit 64 x 16 or 93C46** +4.0Vto+5.5V  8-Lead PDIP For fast byte write (1ms) or E-temp 
256 x 16 8-Lead SOIC applications only. All other 
applications see 93LC46. Software 
READY/BUSY signal, 1MHz max. clock 
rate. 
2K Bit 256 x 8 or 93C56** +4.0Vto+5.5V  8-Lead PDIP For fast byte write (1ms) or E-temp 
256 x 16 8-Lead SOIC applications only. All other 
applications see 93LC56. Software 
READY/BUSY signal, 2MHz max. clock 
rate. 1 million erase/write cycles. 
4K Bit 512x8or 93C66** +4.0Vto+5.5V  8-Lead PDIP For fast byte write (1ms) or E-temp 
. 256 x 16 8-Lead SOIC applications only. All other 


applications see 93LC66. Software 
READY/BUSY signal, 2MHz max. clock 
rate. 1 million erase/write cycles. 


SPECIALTY SERIAL EEPROM PRODUCT SPECIFICATIONS 





: are Part 
Density Organization Number Supply Voltage Package Features 
16K Bit 16384 bits 24AA174*** +1.8V to 5.5V 8-Lead PDIP 16K bit+ 16 byte OTP security page. 
(2K x 8) 8-Lead SOIC 400KHz clock, 10 million erase/write 
cycles guaranteed, cascadable up to 
8 devices on same bus. 
24LC174* 8 42.5Vto5.5V  8-LeadPDIP 16K bit+ 16 byte OTP security page. 
8-Lead SOIC 400KHz clock, 10 million erase/write 
cycles guaranteed, cascadable up to 
| 8 devices on same bus. 
1K Bit 1024 bits 24LC21* +2.5Vto+5.5V 8-Lead PDIP Dual mode operation. 400KHz clock. 
8-Lead SOIC Maximum Write time 10ms/page. 


(Dual Clock) 


*Available in standard commercial and industrial temperature ranges. 
** Available in standard commercial, industrial and automotive temperature ranges. 
*** Available in commercial temperature range.*** 





1 million erase/write cycles. DDC1/DDC 
compatible. 


© 1995 Microchip Technology Inc. 


DS00031J-page 6-5 





Non-Volatile Memory Products 


SPECIALTY SERIAL EEPROM PRODUCT SPECIFICATIONS (CONTINUED) 


: Sh Part 
Density Organization Nunnbee Supply Voltage Package Features 





64K Bit 8K x 8 -? 24AA65 +1.8Vt0+6.0V 8-Lead PDIP 64-byte input cache, maximum write 


8-Lead SOIC _ time 10ms/page (8-byte page), variable 
| Endurance Book. : 


page size, split-endurance, 10 million 
erase/write cycles for high endurance 

60K 
Securable 
EEPROM 






block, software write-protect, up to 400 
kHz clock, up to 8 devices on same bus. 





 24LC65* = +2.5VTO+6.0V 8-Lead PDIP 64-byte input cache, maximum write 
8-Lead SOIC __ time 10ms/page (8-byte page), variable 
page size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 400 
SIIB RS Seen see kHz cl O ck, up t re) 8 d evic es on same b us. 
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—24C65* +4.5Vto+5.5V  8-Lead PDIP 64-byte input cache, maximum write 
8-Lead SOIC _ time 10ms/page (8-byte page), variable 
page size, split-endurance, 10 million 
erase/write cycles for high endurance 
block, software write-protect, up to 400 
kHz clock, up to 8 devices on same bus. 


1K Bit 128 x8or 59C11** +4.5Vto+5.5V 8-Lead PDIP 4-wire bus, external READY/BUSY 
64x 16 8-Lead SOIC _ signal. 1MHz max. clock rate, max. 2ms 
per word max. write time and 1 million 
erase/write cycles. 


2K Bit 128x16 § 93LCS56 +2.0Vto+6.0V 8-Lead PDIP Software write protection, 2MHz max. 
| , 8-Lead SOIC clock rate, 4ms per word typical write 
44-Lead SO|C_ time, 1 million erase/write cycles, 
sequential read function and x16 
organization hard-wired by factory. 


4K Bit 256 x 16 93LCS66 +2.0Vto+6.0V  8-LeadPDIP Software write protection signal, 2MHz 
8-Lead SOIC max.clock rate, 4ms per word typical 
14-Lead SOIC write time, 1 million erase/write cycles, 
sequential read function and x16 
organization hard-wired by factory. 


PARALLEL EEPROM PRODUCT SPECIFICATIONS 


Part Access 





Density Organization Number Time (ns) Package | Features 

4K Bit 512x8 28C04A 250 24-Lead PDIP 100,000 erase/write cycles, 1ms write 
28CO04A 200 32-Lead PLCC cycle time, DATA POLLING signal, fast 
28CO4A 150 . byte write time (200s) option. 

16K Bit 2K x8 28C16A 250 24-Lead PDIP 100,000 erase/write cycles, 1ms write 
28C16A 200 28-Lead TSOP cycle time, DATA POLLING signal, fast 
28C16A 150 28-Lead VSOP_ byte write time (200ps) option. 

32-Lead PLCC 

16K Bit 2K x8 28C17A 250 28-Lead PDIP 100,000 erase/write cycles, 1ms write 
28C17A 200 28-Lead SOIC — cycle time, DATA POLLING signal, and 
28C17A 150 28-Lead TSOP READY/BUSY signal, fast byte write time 


28-Lead VSOP (200us) option. 
32-Lead PLCC © 

*Available in standard commercial and industrial temperature ranges. 

** Available in standard commercial, industrial and automotive temperature ranges. 
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PARALLEL EEPROM PRODUCT SPECIFICATIONS (CONTINUED) 


Part Access 





Density Organization Number Time (ns) Package Features 
64K Bit 8K x 8 28C64A 250 28-Lead PDIP 100,000 erase/write cycles, 1ms write 
28C64A 200 28-Lead SOIC cycle time, DATA POLLING signal and 
28C64A 150 28-Lead TSOP READY/BUSY signal, fast byte write time 


28-Lead VSOP (200p!s) option. 
32-Lead PLCC 


Note: Some package/speed/temperature combinations may not be available. Please consult your authorized 
Microchip Representative. 


EPROM PRODUCT SPECIFICATIONS 








Part neces: Supply 
Density Organization Time Operation Package Features 
Number (ns) Voltage 
64K Bit - BKx8 27C64-25 250 Static +5.0V 28-Lead DIP, PDIP Factory program- 
27C64-20 200 32-Lead PLCC ming available. 
27C64-17 170 32-Lead LCC 
27C64-15 150 28-Lead SOIC 
27C64- 12 120 28-Lead TSOP 
64K Bit 8K x 8 27LV64-30 300 Static +3.0V to 28-Lead DIP, PDIP 27C64 compatible 
27LV64-25 250 5.5V 32-Lead PLCC 
27LV64-20 200 32-Lead LCC 
28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 
128K Bit 16K x8 27C128-25 250 Static +5.0V  28-Lead DIP, PDIP Factory program- 
27C128-20 200 32-Lead PLCC ming available. 
27C128-17 170 32-Lead LCC 
27C128-15 150 28-Lead SOIC 
27C128-12 120 . 
256K Bit 32K x 8 27C256-20 200 Static +5.0V 28-Lead DIP, PDIP Factory program- 
27C256-15 150 32-Lead PLCC ming available. 
27C256-12 120 | 32-Lead LCC 
27C256-10 100 28-Lead SOIC 
27C256-90 90 28-Lead TSOP 
28-Lead VSOP 
256K Bit 32K x 8 27HC256-90 90 Static +5.0V 28-Lead DIP PDIP 27C256 
27HC256-70 70 32-Lead PLCC compatible 
27HC256-55 55 32-Lead LCC 
28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 
256K Bit 32K x 8 27LV256-30 300 Static +3.0Vto 28-Lead DIP, PDIP 27C256 compatible 
27LV256-25 250 5.5V 32-Lead PLCC 
27LV256-20 200 32-Lead LCC 
28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 
256K Bit 16Kx16 27HC1616-70 70 Static +5.0V 40-Lead DIP JEDEC approved 
27HC1616-55 55 44-Lead LCC — worldwide pinout 


NNN er eer I 
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Non-Volatile Memory Products 


EPROM PRODUCT SPECIFICATIONS (CONTINUED) 


: a Part 
Density Organization iiuenber 
27C512A-15 
27C512A-12 
27C512A-10 
27C512A-90 
27C512A-70 


512K Bit 64K x 8 


27LV512-30 
27LV512-25 
27LV512-20 


512K Bit 64K x 8 


256K Bit 32K x 8 27HC256L-90 


Access 
Time 


(ns) 


150 
120 
100 
90 
70 


300 
250 
200 


90 


Operation vane 
Static 
Static 
5.5V 
Static 


SERIAL EPROM PRODUCT SPECIFICATIONS 


: io taut Part 
Density Organization Number 
36K Bit 36K x 1 37LV36 
65K Bit 65K x 1 37LV65 
128K Bit 128K x 1 37LV128 
Note: 
Microchip Representative. 
DEVELOPMENT SYSTEMS 
Description Part Number 
Total Endurance™ Disk $W242001 
Serial [Designer’s Kit] DV243001 


EEPROM 


Operation vane 

Static +3.0 to 
6.0 

Static +3.0 to 
6.0 

Static +3.0 to 
6.0 


Package 


32-Lead PLCC 
32-Lead LCC 
28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 


32-Lead PLCC 
32-Lead LCC 
28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 


32-Lead PLCC 
32-Lead LCC 
28-Lead SOIC 
28-Lead TSOP 
28-Lead VSOP 


Package 


8-Lead SOIC 
8-Lead PDIP 
20-Lead PLCC 


8-Lead SOIC 
8-Lead PDIP 
20-Lead PLCC 


8-Lead SOIC 
8-Lead PDIP 
20-Lead PLCC 


Features 


Features 


+5.0V 28-Lead DIP, PDIP Factory program- 


ming available. 


+3.0V to 28-Lead DIP, PDIP 27C512 compatible 


+5.0V 28-Lead DIP, PDIP 27C256 


compatible 


Features 


Operational equiva- 
lent to Xilinx 
XC1736 


Operational equiva- 
lent to Xilinx 
XC1765 


Operational equiva- 
lent to Xilinx 
XC17128 


Some package/speed/temperature combinations may not be available. Please consult your authorized 


Application oriented, predictive software model. Models the 
performance of erase/write cycle endurance (FIT, PPM lev- 
els and operating life) of Microchip Serial EEPROMs with 

DOS or Windows interface. 


Complete designer's kit for systems using Microchip’s Serial 
EEPROMs. Designer’s Kit includes Total Endurance Disk, 
SEEVAL™ programming and evaluation board, Serial 
EEPROM Handbook, power supply and all necessary 


cabling. 


e RS-232 connection to |IBM® compatible PC 
e Windows and DOS based software to erase, write and 
fully exercise all Microchip Serial EEPROMs 


supported 


Special Functions: user selectable security, program- 
mable endurance and special pinouts 


All Microchip Serial EEPROMs from 256 bits to 64K bits 


Sa LA EERE LES TIE TS TE TS EAP ESET SE ESE POTTED I TIE ETE IIS SESE TA LO EEE I ISS E SS EAE SEE AEA LEONI PA PEN EAT ET TE EE TE EIDE EAA, 
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Shortform Catalog to Application-Specific Standard Products 








The following shortform catalog will provide an over- For further information on application-specific standard 
view to Microchip Technology Inc’s application-specific products, please refer to individual product data sheets. 
standard products including the TrueGauge™ Intelli- (Copies can be obtained by calling your local Microchip 
gent Battery Management Family, PC pointing device sales office.) 


family, energy management controller, PICSEE 8-bit 
microcontrollers and development systems. 
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TRUEGAUGE™ INTELLIGENT BATTERY MANAGEMENT 








- Function/Description ee Package _. Features 
Integrated The MTA11200 TrueGauge Bat- MTA11200 28Lead «* Low-cost 
Battery | tery “Fuel Gauge” and Charge | e Operates with NiCd, NIMH - 
Capacity Controller IC is a simple full-fea- | or lead acid battery pack 
ardthege. + endehaiding. Wf oesgnss to.” eon eee eee 
Controller operate with either NiCd, NiMH or ° Real-time RS-232 interface 
lead acid battery packs. The provides paltry : sags , 
MTA1 1200 digitally integrates bat- padaneeds. 4 capactly, total 
tery charge and discharge current capacity, battery voltage, 
to determine the battery state of chirent anetonper are 
charge. e Five levels of overcharge 
Peet, ; protection 
The MTA11200 is ideally suited for b. Auicaae linecaurcmenlel 
use in portable computers, porta- batt ; d 
ble video equipment, cellular past capac an 
phones, and other products relying request of eonaiion Eycles 
on rechargeable battery technol- ¢ Logs battery information 
_ ogy. It excels in applications where such as number of charge 
an accurate “fuel gauge” is desired cycles, over temperature, 
to prevent interruption in use, or | under temperature, and 
data loss due to insufficient battery over voltage conditions 
power. 
Programmable The MTA14000 is a high perfor- MTA14000 28Lead ¢ RISC core 
Intelligent Battery © mance mixed-signal microcontrol- e 35 single word instructions 
I.C. ler based on Microchip’s powerful 


e Fully code compatible with 
8-bit RISC core that enables y pati 


Microchip’s standard 
real-time measurement and pro- PIC16/17 microcontroller 
cessing of battery parameters family 


including voltage, charge current, 
discharge current, temperature, 
and total number of cycles. It sup- 
ports 4096 words of program mem- 


4K Program Memory, 192 
bytes RAM, 11 interrupts, 
eight levels of stack 


ory, 192 bytes of RAM, 11 e 8-channel analog-to-digital 
interrupts, 38 special function hard- converter with programma- 
ware registers and eight levels of ble resolution up to 16 bits 
hardware stack. e Two 3-decade digital-to- 
The MTA14000 is ideally suited for analeg converters 

use in smart battery controllers, ¢ Multiple power down con- 
battery chargers, uninterruptable trols for analog circuits 
power supply controllers, smart e Synchronous Serial Port 
sensors, HVAC controllers and compatible with ?C™, 
data acquisition. ACCESS.bus™, System 


Management Bus 


i/O pins with individual 
direction control allowing for 
support of any other com- 
munications interface such 
as RS-232 and one-wire 
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TRUEGAUGE™ DEVELOPMENT TOOLS 


Function/Description 


Part 
Number 


Features 





TrueGauge 
Development 
Tool 


The MTA11200 TrueGauge Intelli- 
gent Battery Management IC is 
support by a user friendly tool for 
system development. The 
DV114001 operates under 
Microsoft Windows™. This devel- 
opment tool enables the manage- 
ment of all phases of product 
development including inception, 
debugging and maintenance. 


System design verification can be 
accomplished before a hardware 
prototype needs to be built, thus 
reducing time and cost. The user 
interface provides a graphicaily-ori- 
ented development environment. 
The data logging feature saves 
measured data into a file that can 
be imported to Excel®. 


PC POINTING DEVICES 


Function/Description 


DV114001 


Part 
Number 


The TrueGauge development tool is a tool for 
system development under Windows. The 
development tool kit contains the 

following: 

e NiCd battery with TrueGauge module 

e¢ NiMH battery with TrueGauge module 

e Stand-alone TrueGauge module 

e Charger/Discharger Interface Board 
Universal power supply with power cord 


e PC Interface Cable with DB9-DB25 
converter 


¢ Design/Verification software on a 3.5” 
diskette 


MTA11200 and 24LC01B product 
samples 
MTA11200 data sheet 


TrueGauge Development Tool Users 
Guide 


Package Features 





Mouse 
Controller 


The MTA41XXX Mouse Controllers 
are the heart of a simple, low-cost 
mouse or trackball solution. The 
MTA41XXX family supports all 
Apple® Computer and IBM® 
PC-compatible formats. 


MTA41300 


MTA41110 


MTA41120 


18 Lead Low-cost mouse controller with 
support for IBM PS/2®-compliant 
or Microsoft® serial-format-com- 
patible.* The MTA41300 con- 
troller supports 2-button mouse 
or trackball operation. Packag- 
ing is available in 300 mil wide 
PDIP and SOIC 


18 Lead Low-cost, low power mouse con- 
troller with complete support for 
IBM PS/2 interface format. Like 
the MTA41300, the MTA41110 
controller supports 2-button 
mouse or trackball operation, but 
unique software features of the 
MTA41110 allow for direct input 
from optical encoders without 
the need for external compara- 
tors. LED strobing is also sup- 
ported by the MTA41110 for 
low-power applications. 


18 Lead Same as MTA41110 except 
offers complete support for 
Apple Computer ADB" inter- 
face. 


* The code in this product was not developed or licensed by Microsoft Corporation. 
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ASSP 





ENERGY MANAGEMENT DEVICES 
Part 





Function/Description Number Package | Features 
Energy | The MTE1122 Energy Manage- MTE1122 18Lead ¢ Lowcost 
Management ment Controller combines e Reduces power consump- 
Controller Microchip’s proprietary PIC16/17 tion of AC induction motors 


8-bit RISC microcontroller technol- 
ogy with a unique, patent pending 
power management firmware algo- 
rithm in a single package. This 
device, by monitoring and control- 
ling the supply requirements into 
an AC induction motor, effectively 
reduces the power consumed by 
the motor. The MTE1122 is avail- 
able in both plastic DIP and 
space-saving SOIC packages, and 
operates over commercial and 
industrial ranges. 


_¢ Protects against brownouts 
and power surges 


LS ELE ee ee a Ea REE IG EEE ROR ae oS ET Te a De ET RT 
DS00031J/A-page 6-12 © 1995 Microchip Technology Inc. 


ASSP 





PICSEE FAMILY OF MICROCONTROLLERS WITH SERIAL EEPROM 





Function/Description Pca Package Features 
8-Bit The PICSEE™ offers the unique MTA81010 28Lead * 512x 12 EPROM 
Microcontroller combination of an EPROM-based e 1K EEPROM 
with Serial microcontroller and a Serial © 32 bytes of RAM registers 
EEPROM EEPROM in a single package. The * 12 bidirectional 1/0 lines 
MTA81010 is a multi-chip module 
that integrates a PIC16C54 * RTCC timer/counter 
low-cost, high-performance, 8-bit, ¢ Free running watchdog 
fully-static, EPROM-based CMOS timer and load protection 
microcontroller with a 24LC01B fuse 
1024-bit Serial EEPROM config- e EEPROM is configured as 
ured 128K x 8. The integration of 8-byte page 
these two popular chips into a sin- © Maximum write time 10ms 


gle package reduces system cost, 
board area and inventory. 


100K erase write cycles 
minimum 

400KHz clock, hardware 
write-protect 

Available in the oscillator 
configurations RC, XT, LP 
Frequency range: from 
25KHz through 4MHz down 
to 2.5 volt operation 
Temperature ranges: 

0°C to +70°C, —40°C to 
+85°C, and —40°C to 
+125°C 

e Packaging: available in 600 
mil wide PDIP, CERDIP 
(Windowed), SSOP and 
300 mil wide SOIC 


MTA85XXX 20 Lead 512 or 2048 x 12 on-chip 
SSOP EPROM 

1K or 2K EEPROM 

25 or 72 x 8 general 

purpose registers (SRAM) 

7 special function 

hardware registers 

12 I/O pins with individual 

direction control 

8-bit real time clock/counter 

(RTCC) with 8-bit program- 

mable prescaler 

Clock frequencies available: 

4MHz, 10MHz 
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PICSEE FAMILY DEVELOPMENT TOOLS 








| Function/Description ; PartNumber Package Features 
PICSEE PICSEESTART is a very low-cost DV813001 28 Lead « PICSEE Adapter Kit 
Development entry-level development system for PICSEESTART-81A © = , picsTART-16B1 
Kit the PICSEE microcontroller. Itis a ° Product sample kit 
combination of the PICSEE °C iaiecevsiann aseueiaa: 
Adapter Kit and the ti ae ee ene 
PICSTART-16B1 Development Kit. eee iss 
DV853001 20 Lead ¢ PICSEE Adapter Kit 
PICSEESTART-85A e PICSTART-16B1 
e Product sample kit 
¢ Complete system documenta- 
tion 
PICSEE FAMILY PROGRAMMERS 
Function/Description Part Number Package Features 
PICSEEKIT The PICSEEKITs are program- AC812001 28 Lead Supports programming of all PDIP, 
| mer adapters for use in conjunc- PICSEEKIT-81A SOIC and JW MTA81010 devices. 


tion with PRO MATE or PICSTART 


programmers. Included is the AC814003 28 Lead Programming adapter sockets for 


in-circuit emulation adapter board _—tC—i“‘(‘éi RP Nd SOIC devices, 
for the PICMASTER-16A. AC852001 20 Lead MTA85XXX programming adapter 
PICSEEKIT-85A and emulation kit. 
AC854001 20 Lead 20-lead SSOP programming adapter 
socket. 
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SECTION 7 
QUALITY, RELIABILITY AND ENDURANCE 
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Product Quality 





A CORPORATE COMMITMENT 


Microchip Technology Inc. has evolved a culture where 
a commitment to quality is an integral part. By empow- 
ering every employee to be responsible for the quality 
of their work, the entire corporation is involved in the 
quality process. This interaction creates an environ- 
ment for continuous improvement throughout the orga- 
nization. The benefits of the system are then not only 
enhanced product quality and reliability but also prod- 
uct services. 


THE CHALLENGE OF COMPLEXITY 


Integrating an Ideal 


Microchip's quality programs and business plan are 
vertically integrated and touch all levels of the com- 
pany. From the top down, the President and CEO 
actively lead programs to ensure continuous improve- 
ment is a perpetual process. Improvement and cross 
functional teams work to enhance performance at 
every department level. Incorporating the improve- 
ment objectives into the business plan creates a unity 
of purpose and mandates that the two merge as one 
measurement. 


Determination to be the Best 


A fundamental concept at Microchip is the commitment 
to continuous improvement. All areas are constantly 
looking for ways to improve every aspect of the com- 
pany. This has allowed products and processes to 
become world class in quality and reliability. These pro- 
grams are the foundation for success. 


PROCESS TECHNOLOGY 


All the products manufactured at Microchip make use 
of a common N-Well CMOS baseline process to 
which modules are added in order to create the spe- 
cific functions required by the product (EEPROM, 
Microcontroller, Logic and EPROM). 


The baseline process, which has been in Manufactur- 
ing for the last 8 years, uses minimum dimensions of 
1.5um, 360A gate oxide thickness, N+ doped polysili- 
con gates and arsenic implanted source-drain diffu- 
sions for the N-channel devices. 


A more advanced process uses minimum dimensions 
of 1pm, 250A gate oxide thickness, polycide gate and 
LDD junction for the N-channel devices. A double level 
metal module can be added to both processes. 


All of these devices utilize a proprietary passivation 
suitable for a wide variety of package types. Microchip's 
processes have been developed with reliability and 
manufacturability as their primary goals. 


EEPROM 


Microchip's CMOS floating gate EEPROM technology 
produces a non-volatile memory cell by storing or 
removing charge from the floating gate. Charge is 
transferred bidirectionally to the floating gate by 
Fowler-Nordheim tunneling through a sub-10 nm oxide 
over the drain of the transistor. This technology pro- 
duces a memory cell with a typical endurance of > 10’ 
cycles and greater than 40 years of data retention. 
(See EEPROM application note for details). 


EPROM 


This technology uses a non-volatile memory cell which 
stores charge on a self aligned floating gate. Electrons 
are provided to the floating gate via hot electron injec- 
tion from the drain depletion region. Each byte can typ- 
ically be programmed in 100 microseconds, and can 
retain that data for more than 10 years with unlimited 
reads. Block erasing is accomplished with a high 
intensity UV source through the package window. Win- 
dowed parts can be erased and reprogrammed more 
than 100 times. 


Microcontroller and Logic 


Logic products are built on a variety of Microchip's pro- 
cesses and their derivatives. These products have pro- 
cess modules for production of controllers that feature 
ROM, Analog, EPROM, and EEPROM. By utilizing the 
standard processing modules, the designs meld these 
technologies and their flexibility while maintaining the 
high quality and reliability standards expected. 


QUALITY 


Design for Quality and Reliability 


Product reliability is designed into all Microchip pro- 
cesses and products. Design margins are established 
to guarantee every product can be produced economi- 
cally, error-free and within the tolerances of the manu- 
facturing process. Product Introduction Teams 
representing manufacturing, engineering, quality and 
product divisions ensure that exacting standards are 
met for each specific product. 
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Documentation and Procurement 
Specifications 


Microchip's documentation control program assures 
the correct and current document always is available at 
the point of use. Active documents are revision coded 
and serialized. Procurement specifications bear the 
same requirements. These document control procedures, 
which are common in the industry for military and high 
reliability products, are employed by Microchip, system 
wide. 


In Line Controls and Process Assessment 


Product integrity is assured by sampling and 
inspection plans performed in-line. This enables 
Microchip to control and improve product quality lev- 
els as product moves through the manufacturing 
operation. Microchip's acceptance sampling plans in 
assembly emphasize the attempt to eliminate defective 
product as it is discovered. Acceptance and sampling 
plans are based on proprietary low fraction defective 
(<1000ppm) quality statistics. 


To determine whether a process is within normal man- 
ufacturing variation, statistical techniques are put to 
work at selected process steps. In-process controls 
are performed by operators in the wafer fabrication and 
assembly operations. Operators take immediate cor- 
rective action if a process step is out of its control limit. 
Through these in-line controls the true capability of a 
process is generated. (See Appendix A:In Line Con- 
trols) - 


Control of Customer Quality is attained through a sta- 
tistical program based on minimum defect capability 
levels. These levels are defined as the error levels 
associated with the circuit design and science limita- 
tions of the chemistry and physics of processing. 


Material controls prevent defective piece parts from 
getting into the line. Microchip's assembly material 
control sample plan is typical of the emphasis placed 
on safeguards. (See Appendix B:Material Controls 
Package). | 


Testing for Margin 


Microchip conducts a product's initial test under strin- 
gent requirements. All quality assurance tests are run 
to tighter limits than customer specifications. As part of 
an outgoing quality assurance program, products are 
tested at least two machine tolerances tighter than 
those limits specified by the customer on every param- 
eter. Margin testing accounts for normal tolerances of 
any particular test system and provides the assurance 
that Microchip's products meet a customer's specifica- 
tions. 


Variation from Expectation 


Microchip works to make variation from target as small 
as possible. The better process is the one that holds 
the narrowest dispersion. Processes are targeted to 
maintain Cpk's of >1.5 and currently have typical val- 


ues of >2.0. Higher process capability values are con- 
tinually strived for indicating that better process control 
is being obtained. 


Outgoing Quality 


Quality Control samples all outgoing product from final 
testing. These samples measure in-line defect levels 
after screens have been applied. Root cause analysis 
follows, initiating technical change to effect continuous 
improvement. 


Programmability Yield 


Using programmable devices adds a complexity to 5 the 
Quality Level interpretation. It is not unlikely that some 
programmable devices will not program. The program- 
mability yield is dependent on (but not limited to): pro- 
grammers, technology, array size, and handling. — 


Any device that does not program properly will not be 
used in the end system. Therefore, programmability 
yields should not be used to calculate AQLs. 


For convenience, Microchip offers programming ser- 
vices for certain devices. This service is an advantage 
to the customer since it not only eliminates program- 
mability rejects, but also reduces the handling of the 
parts. See the individual data sheets for details on our 
Quick-Turnaround-Production (QTP) service. . 


RELIABILITY 


Process Qualification 


No priority is more important than the one where pro- 
cesses under which Microchip products are built oper- 
ate without fail. All products are stressed beyond 
normal use limits when undergoing high temperature 
operating life and retention bake tests. This is done to 
ensure that the devices meet the strictest reliability 
guidelines and will maintain industry low failure rates. 


Package Qualification 


Package qualification measures a component's ability 
to withstand extreme thermal and mechanical stresses. 
All products are stressed to high level industrial speci- 
fications to ensure reliability. | 


Ongoing Sampling of ues Reliability 
Variables 


Microchip conducts accelerated mechanical tests, 
operating life tests and memory retention tests to 


explore the many ways failures might occur. Data 


obtained from continuous testing is used to identify 
potential reliability problems and for defining action 
courses to improve product. Microchip's reliability 
knowledge is shared with customers. This data is 
available for use in customer's own quality and reliabil- 
ity improvement programs and is published in regular 
quarterly and yearly reports. | 
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RELIABILITY CONCEPTS 
Definition 


Reliability is the probability of a system or circuit per- 
forming its predefined function adequately under spe- 
cific conditions for a given period of time. Thus, the 
reliability of a microcircuit is a function of both stress 
conditions and the time of operation. 


The reliability (or probability of survival) range runs 
from O (no chance of survival) to 1 (no chance of fail- 
ure). Current microelectronic circuits are manufactured 
and controlled to such tight specifications that reliability 
figures for the total operation time approaching 1 (i.e., 
0.9999) are common. As a result, the complement of 
reliability, or the failure probability, is more often quoted 
in current literature. 


The failure rate is the rate at which failures occur on 
units surviving to a specific number of hours of opera- 
tion. Failure rates per unit circuit-hour would generally 
be very small. To avoid reporting such small numbers, 
failure rates have been defined for greater circuit-hours. 
One thousand circuit-hours is defined as one circuit 
operating for one thousand hours, or 1,000 circuits 
operating for 1 hour, etc. The numbers of circuit-hours 
is the number of circuits multiplied by the number of 
operation hours for each circuit. 


Two methods to define failure rate are commonly used: 


¢ Percent failures per thousand circuit-hours 
e Absolute failures per billion circuit-hours, or FITs. 


Note that a failure rate of 0.0001%/1000 hours and 
1 FIT are equivalent numbers. 


Bathtub Curve: Failure Rate Over Time 


The generic representational graph of failure rate vs. 
time takes the shape of a bathtub curve. (See 
Figure 1). 


The early failure rate (infant mortality) period starts 
from initial operation (time TO) and decreases as time 
goes on. 


Time T1 signifies the end of the infant mortality period. 
The next phase of the curve occurs between time T1 
and T2. This long period of time is distinguished by a 
nearly constant and very low failure rate. After T2 is 
passed, the failure rate starts to increase slowly. This 
last phase of failure rate vs. time is known as the 
wear-out period. 


Temperature Dependency 


In order to establish failure rates in a reasonable time, 
it is necessary to accelerate the incidence of the failure 
modes. Higher environmental stress levels than those 
encountered under normal conditions are needed. The 
accelerating parameter most employed is junction tem- 
perature, although voltage and humidity, for example, 
are also used. Higher temperatures are capable of 
accelerating many common failure modes dramatically. 


Arrhenius Equation 


A number of mathematical models were developed to 
quantify the relationship between accelerated failure 
rates and increased junction temperatures. The one 
model most commonly used employs the Arrhenius 
Equation. It is as follows: 


EA 1 1 
— ox ea) Soret Ate 2 
AF =e”, where x = K E Ta | 


AF Acceleration Factor (non-dimensional) 


e = 2.718281828... 
(non-dimensional constant) 


E, = _ Activation energy level (electron volts) 


k = _ Boltzmann's constant = 8.6172 x 10-5 
(electron-volts/degree Kelvin) 
Ty. = Normal junction temperature 
(degrees Kelvin) 
Ta Accelerated = junction 
(degrees Kelvin) 


temperature 


Thus, the time to achieve a certain probability of failure 
at time T1 under temperature TN can be compressed to 
T1 divided by AF at the accelerated temperature, TA. 


Note that for true acceleration, the acceleration factor 
AF is independent of the probability of the fail point 
specified. 


AF, the dependent variable of the Arrhenius Equation is 
a function of several variables. TN and TA are specified 
for the situation under consideration. EA is a function of 
the particular mode of failure, and is determined by 
experimental evaluation. 


FIGURE 1: BATHTUB CURVE 


FAILURE RATE 
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Activation Energy Level 


Activation energy levels in semiconductors generally 
are in the 0.3 - 1.1 electron-volt range. Each failure 
mode has its own activation energy. Some typical 
examples are: 


FAILURE MECHANISM ~ Ea (eV) 
Oxide/Dielectric Breakdown 0.3 


0.5 to 0.7 
Surface Related Contamination 1.0 


Electromigration 


intermetallics 1.0 
Floating Gate Charge Loss 0.6 to 1.2 
Hot Electron Trapping -.1 
Charge Trapping 0.12 


A compromise value of 0.6 electron-volts is often used 
when there is no specific information relating to the fail- 
ure modes being accelerated. 


RELIABILITY TESTS 


Operating Life Test 


The Operating Life Test is run under dynamic bias con- 
ditions where inputs are clocked. The test is conducted 
at high temperature to accelerate the failure mecha- 
nisms. The normal temperature for the test is +125°C 
for 1,000 hours. Readouts occur at 168 and 1,000 
hours. Early hour failures are usually associated with 
manufacturing defects or otherwise marginal material. 


Retention Bake 


The Retention Bake Test is performed to accelerate 
data loss on floating gate devices. The test consists of 
unbiased baking at elevated temperature. Usually the 
test lasts for 1,000 hours at +150°C. The failure mech- 
anism that is accelerated is charge leakage from a 
stored element. 


Endurance Cycling 


Endurance Cycling establishes the number of times a 
device can be programmed and erased. Normally the 
test is conducted at rated temperature conditions and 
is followed by retention bake. The standard cycling at 
Microchip is done at 85°C using a page cycle mode and 
is followed by a bake of both a checkerboard and an 
inverse checkerboard of 48 hours at 150°C. | 


Temperature Cycle 


The Temperature Cycle test simulates stresses which 
occur to systems during power up/power down 
sequences. The test is intended to reveal any deficien- 
cies resulting from thermal expansion mismatch of the 
die/package structure. Normally the test is conducted 
by cycling between -65°C and +150°C in an air ambi- 
ent. Duration for the test is typically 500 cycles for both 
plastic and ceramic packages. Endpoint criteria are 
both electrical and visual/mechanical. 


Thermal Shock 


The Thermal Shock test is similar to the Temperature 
Cycle test except that the ambient during cycling is liq- 
uid-to-liquid. This stimulates rapid thermal environ- 
mental changes. The mechanisms accelerated are 
identical to those in the Temperature Cycle test except 
that the Thermal Shock test is a more accelerated test 
with temperatures normally +125°C to -55°C. The 
number of cycles are 500 for qualification testing. 


Autoclave 


The autoclave test determines the survivability of 
devices in molded plastic packages to a hot, humid 
environment. The test exposes unbiased, plastic pack- 
aged devices to saturated steam at 121°C and 15 
pounds per square inch (one atmosphere) gauge pres- 
sure. The 168 or more hours of testing allows moisture 
to penetrate into the die. Chemical corrosion of the die 
metallization may occur if ionic contaminants are 
present and the die surface protection is deficient or 
damaged. Charge leaks from floating devices usually 
happen before a corrosion mechanism develops. 


Temperature Humidity Test 


The Temperature Humidity test determines the surviv- 
ability of devices in molded plastic packages function- 
ing in a hot, humid environment. By convention, test 
conditions are 85°C with 85% relative humidity. The 
parts are biased to lend themselves to electrochemical 
corrosion. The duration of the test is usually 1,000 
hours or more. The test checks the adequacy of the die 
surface protection and the plastic's lack of ionic impuri- 
ties. The applied bias is 5 volts on alternating pins or 
set up for minimum power to reduce internal heating 
and consequent moisture evaporation on the device. 
Similar to the Autoclave test, charge loss on floating 
gate devices is a principle failure mechanism. 


HAST 


The Highly Accelerated Stress Test is similar to the 
Temperature Humidity Test but with more stringent 
temperature exposure. Devices are subjected to 130°C 
with 85% relative humidity and an alternating bias of 5 
volts and ground on. device pins. The duration of the 
test is 168 hours. This tests for ionic contamination and 
corrosion, but floating gate devices may also fail for 
charge loss, due to the high temperature. 
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QUALIFICATION CATEGORIES 


In general, qualification is required for new design, 
major changes in old design, process or material when 
either wafer fabrication or package assembly opera- 
tions are affected. Cross functional teams which 
include reliability develop new products for introduc- 
tion. In other areas, Microchip utilizes the concept of a 
Change Control Board which meets regularly to estab- 
lish which criteria is to be used for all specific proposed 
changes. This board is made up of representative lead- 
ers of various groups and departments throughout 
Microchip to insure all concerns are heard early during 
the process. 


QUALIFICATION PROGRAMS 


Qualifications guarantee changes to or new processes 
and technologies are properly evaluated for reliability 
performance. 


Reliability Monitoring 


Microchip's reliability monitoring program is a compre- 
hensive effort to measure the reliability of all process 
families with strict regularity. The program strives to 
improve performance through failure analysis and cor- 
rective action. Numerous screening procedures are 
used and estimates of product life and expected failure 
rates are provided. 


Typical tests and frequencies include: 


¢ Die Monitor on selected product for - 
- Dynamic Life 
- Retention Bake 
- Endurance 


e Periodic (weekly, monthly and quarterly) package 
monitors to evaluate: 
- Mechanical stresses 
- Alignment 
- Temperature and moisture stresses 
- Corrosion resistance 
- Marking permanency 
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APPENDIX A: IN LINE CONTROLS 


TABLE 1: CONTROLS - PLASTIC PACKAGE ASSEMBLY 


Responsibility | Referenced 
Prod |MIL-STD 





Operation Sample Pian 


Die Visual Reject defectives 10% sample LTPD 10 
100% rescreen per 
. LTPD = 
Wafer Saw Machine Shut Down | One kerf per lot | MIL-STD-883C 
Method 2010 


MIL-STD-883C 
Method 2010 


Die Attach Machine Shut Down 4X/Lot/Machine LTPD 15 PX | = [NA 
Wire Bond Machine Shut Down | 1% AQL each 1/2 shift MIL-STD-883C 
Method 2010 
Post Wire Bond Reject defectives LTPD 15 MIL-STD-883C 
100% rescreen per Method 2010 
LTPD 
Mold Press Machine Shut Down | One sample /4 hrs | xX | — |NA | 
Die Plating Reject defectives Every 4 hrs LTPD 10 
100% rescreen per 
LTPD 





MIL-STD-883C 
Method 2010, © 
Method 2016 


X 
X 
X 
X 
— 
X 
x 3 
Trim and Form Reject defectives Once/ 2 hrs LTPD 10 X 
100% rescreen per | 
LTPD 
External Visual and | Reject defectives 100% LTPD 2 — 
Documentation Verifi- | 100% rescreen per 4 
cation LTPD 
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TABLE 2: CONTROLS - CERAMIC PACKAGE ASSEMBLY 


Die Visual Reject defectives 10% LTPD 10 — 
100% rescreen per X 
LTPD 








Responsibility | peferenced 





” 
a 
Oo 








= 
r 





MIL-STD-883C 
Method 2010 






























Wafer Saw Machine Shut Down | One kerf per lot MIL-STD-883C 
Method 2010 

Die Attach Machine Shut Down | Non-destruct each 2 hrs | —  |MIL-STD-883C 
destruct each shift Method 2010 

Wire Bond Machine Shut Down | 4X/shift/machine x MIL-STD-883C 
Method 2010 

MIL-STD-883C 















Method 2010 







Preseal Visual Reject defectives 100% LTPD 15 _ 
100% rescreen per x 

LTPD 
Package Seal Machine Shut Down {|LTPD 15 X 


Environmental Machine Shut Down 
Stress Centrifuge 
Temp Cycle 


Fine Leak Reject defectives LTPD 5 
100% rescreen per 
LTPD 

Reject defectives LTPD 5 


100% rescreen per 
| Lead Trim 100% LTPD 2 


LTPD 
100% LTPD 2 





MIL-STD-883C 
Method 2001 
Method 1010 


MIL-STD-883C 
Method 1014 














MIL-STD-883C 
Method 1014 








MIL-STD-883C 
Method 2009 


Reject defectives 
100% rescreen per 
LTPD 


Reject defectives 
100% rescreen per 
LTPD 















MIL-STD-883C 
Method 2010, 
Method 2016 


External Visual and 
Documentation Verifi- 
cation 
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APPENDIX B: MATERIAL CONTROLS PACKAGE 


TABLE 3: MATERIALS CONTROLS - PLASTIC PACKAGE ASSEMBLY 


5 ‘ es [Responsibility | Referenced 
peration ample Plan 
nn bce MIL-STD 
Lead Frame Reject defectives Visual, LTPD 2 
| 100% rescreen per | Functional, LTPD 10 OO 
LTPD and material spec 
Die Attach Epoxy Functional, LTPD 15 and 
material spec 


Gold Wire Per material spec 


Molding al Spiral flow, 3X/lot Func- 
tional, 1X/lot and material 
spec 


TABLE 4: MATERIALS CONTROLS - CERAMIC PACKAGE ASSEMBLY 


Responsibility 
Sample Plan 
























‘lRalerenced 
MIL-STD 


inn MIL-M-38510 
+ MIL-M-38510 


Operation 

























Base/Lead Frame Reject 100% 


rescreen per LTPD. 


Visual, LTPD 10 
Functional, LTPD 10 
Bake test, LTPD 15 
Dimensions, LTPD 50 
and material spec 


Package Reject 100% Visual, LTPD 10 
rescreen per LTPD Functional, LTPD 10 
Bake test, LTPD 15 
Dimensions, LTPD 50 
and material spec 

















Preform Reject Visual, LTPD 10 
| Functional, LTPD 15 
Bond Wire cee. Per material spec 
2 spools/lot 
Lid Reject Visual, LTPD 7 
Functional, LTPD 10 
and material spec 


MIL-M-38510 
MIL-M-38510 


MIL-M-38510 
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Product Reliability 





OVERVIEW 


Microchip Technology Inc.'s products provide com- 
petitive leadership in quality and reliability, with demon- 
strated performance of less than 100 FITs (Failures in 
Time) operating life for most products. The designed-in 
reliability of Microchip's products are supported by 
ongoing reliability data monitors. This document pre- 
sents current data for your use - to provide you with 
results you can count on. 


The test descriptions included in this document explain 
Microchip's quality and reliability system. The product 
data demonstrates its results. 


The customer's quality requirements are Microchip's 
top priority. Ongoing customer feedback and device 
performance monitoring drive Microchip, leading to 
continuing improvements in the long-term quality and 
reliability. 


FAILURE RATE CALCULATION 


Extended field life is simulated by using high ambient 
temperature. In the semiconductor technology, high 
temperatures dramatically accelerate the mechanisms 
leading to component failure. Using performance 
results at different temperatures, an activation energy 
is determined using the Arrhenius equation. For each 
type of failure mechanism, the activation energy 
expresses the degree to which temperature increases 
the failure rate. 


The activation energy values determined by Microchip 
Technology agree closely with those published in the lit- 
erature. For complex CMOS devices in production at 
Microchip Technology, an activation energy of 0.6 eV 
has been shown to be representative of typical failures 
on operating life. This activation energy also applies to 
some of our retention bake failures, though most are 
1.2eV. By definition, failure is reached when a device 
no longer meets the data sheet specifications as a 
direct result of the reliability test environment to which 
it was exposed. Common failure modes for CMOS 
integrated circuits are identified for each test environ- 
ment. 


To establish a field failure rate, the acceleration factor 
is applied to the device operating hours observed at 
high temperature stress and extrapolated to a failure 
rate at 55°C ambient temperature in still air. 


The actual failure rate experienced could be consider- 
ably less than that calculated if lower device tempera- 
tures occur in the application board, such as would be 





the case if a fan, a heat sink, or air flow by convection 


is used. 


Typical Failure Mechanism 


Operating Life Process parameter drift/shift 
Metal electromigration 
Internal leakage path 


Lifted bond/ball bond chip-out 


Temperature Cycle Lifted bond/ball chip-out 
Cracked die or surface cracks 
Bond pad corrosion 


Biased-Humidity Internal circuit corrosion 


Autoclave Inter-pin leakage 
Charge loss 


High Temp. Bake Charge loss . 


High Temp. , Charge gain, Parameter 
Reverse Bias drift/shift 


DEFINITIONS 


FIT (Failure In Time): Expresses the estimated field 
failure rate in number of failures per billion power-on 
device-hours. 100 FITS equals 0.01% fail per 1,000 
device-hours. 7 


Operating Life Test: The device is dynamically exer- 
cised at a high ambient temperature (usually 125°C) to 
quickly simulate field life. Derating from high tempera- 
ture, an ambient use condition failure rate can be calcu- 
lated. 


Temperature Cycle: The devices are exposed to 
severe extremes of temperature in an alternating fash- 
ion (-65°C for 15 minutes, 150°C for 15 minutes per 
cycle). Package strength, bond quality and consis- 
tency of assembly process are stressed using this envi- 
ronment. 


Biased-Humidity: Moisture and bias are used to 
accelerate corrosion-type failures in plastic packages. 
The conditions include 85°C ambient temperature with 
85% relative humidity. Typical bias voltage is +5 volts 
and ground on alternating pins. 


Autoclave (pressure cooker): Using a pressure of 
one atmosphere above atmospheric pressure, plastic 
packaged devices are exposed to moisture at 121°C. 
The pressure forces moisture permeation of the pack- 
age and accelerates related failure mechanisms, if 
present, on the device. 
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Thermal Shock: Exposes devices to extreme temper- 
atures from -55°C to +125°C by alternate immersion in 
liquid media. 


Retention Bake: A 150°C temperature stress is used 
to accelerate charge loss in the memory cell and mea- 
sure the data retention on the EPROM and EEPROM 
portions of the circuitry. 


HAST: Moisture, extreme heat and bias are used to 
accelerate corrosion and contamination in plastic pack- 
ages. The conditions are 130°C and 85% relative 
humidity. Typical bias voltage is +5 Volts and ground on 
alternating pins. 


RELIABILITY CONTROL SYSTEM 


A comprehensive qualification system ensures that 
released products are designed, processed, packaged 
and tested to meet both design functionality and strict 
reliability objectives. Once qualified, a reliability moni- 
tor system ensures that wafer fabrication and assembly 
process performance is stable over time. A set of base- 
line specifications is maintained that states which 
changes require requalification. | These process 
changes can only be made after successful demonstra- 
tion of reliability performance. This system results in 
reliable field performance, while enabling the smooth 
-phase-in of improved designs and product capability. 


RELIABILITY DATA SUMMARY 


Introduction 


This section provides a reliability summary of Microchip 
Technology's product. Included is reliability data and 
packaging information obtained over the recent past. 


Plastic Package Characteristics and Codes 


As part of an on going product program, Microchip 
Technology will apply its Quality and Reliability pro- 
cess in evaluating the latest developments in plastic 
packaging technology, and implement the highest reli- 
ability materials and assembly techniques. The plastic 
packages that are currently available from Microchip 
are listed in the table below. 


Package Description Identification Code 


Package Description identification Code 


Plastic Leadless Chip Carrier 
Plastic Dual In Line (600) 
Plastic Dual In Line (300) 


Plastic SOIC (.150) 
Plastic SOIC (.207) 
Plastic SOIC (.300) 
Plastic TSOP (8 x 20mm) 
Plastic SSOP (.207) 





FIGURE 1: RELIABILITY CONTROL SYSTEM sHasStilal 


Specify: 

* Design objectives/specifica- 
tions 

¢ Testability goals 

e Reliability requirements 

e Process/packaging require- 
ments | 

e Design guidelines 


oes 


se 


: 


ent 


eee 
ee 


Design: 

e Functional models 

e Logic design & verification 

e Circuit design & verification 
Layout design & verification 
Prototype verification 
Performance characteriza- 
tion 

Develop (as required): 


¢ Wafer fabrication processes 
1 ¢ Package/packaging technol- 
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Confirm design 
using qualification tests: 


¢ Operating life, 125°C ambi- 


Temp-cycle, -65°/150°C 
Thermal shock, -65°/150°C 
ESD, + 2000 V HBM 

ESD, + 100 V MM 

Latch-up (CMOS devices) 
Biased-humidity, 85°C/85% 


Autoclave (pressure cooker) 
retention bake 


eerrey : Assure Dirtgoing ouallty Level: 
Design release document 


Baseline wafer fabrication pro- 
cess 


Baseline assembly process 
Qualification release 


Enter device to specification sys- 
tem ; 


Wafer-level reliability controls 
Assembly reliability controls 
Early failure rate sampling 
Reliability monitoring 

Statistical process control feed- 
back 

Audit specifications 

Analyze returned failures 


Requalify devices as. needed for 
major changes such as ESD 
resistance enhancement, cost 
reduction/die shrink, process 
improvement, and new package 
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St ang 
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=| types 

. 
Sie 


erceepuerenrensenereemmmeenmenres SAREE 


Sapte: 


EEE 


OES SIRENS ISA 


oe 
> 


“Lj PA he 
penireeccsress 


ee 


NGS CRO RRL OREO 


< So “ ars 


nageuamnees 


© 1995 Microchip Technology Inc. 








HIGH TEMPERATURE (125°C) FIGURE 4: PIC16/17 MICROCONTROLLER 
DYNAMIC LIFE TEST DYNAMIC LIFE 


Graph set for EEPROM, PIC16/17 and EPROM 
for all conditions | 


High temperature dynamic life testing accelerates ran- 
dom failure modes which would occur in user applica- 
tions. Voltage bias and address signals are used to 
exercise the device in a manner similar to user sys- 
tems. 


FIGURE 2: EEPROM DYNAMIC LIFE 
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FIGURE 3: EPROM DYNAMIC LIFE 
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DATA RETENTION BAKE FIGURE 7: PIC16/17 MICROCONTROLLER 


Data storage in applicable devices is done by develop- RETENTION BAKE 


ing acharge on the floating gate structure in the mem- 
ory cell. Charge loss in this cell structure results in a 
conversion of zeroes to ones. In order to evaluate the 
level of this type of failure, devices are subjected to a 
150°C bake. This bake accelerates charge loss in the 
memory cell and 1000 hours at 150°C is equivalent to 
approximately 13.5 years in the field at 55°C. 


FIGURE 5: EEPROM RETENTION BAKE 
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FIT Rate (FITs) 
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150 


1989 
1990 
1991 


100 


FIT Rate (FITs) 


NOTE: Representation of reliability data typically 
shows calendar year grouping along the x-axis, except 
for 1993 which includes only first, second and third 
quarters. This provides the equal time interval normally 
expected for graphical presentation. However, 
Chi-square statistics demand equivalent device-hours 
for fair interval comparison. Such data grouping 
assures that relatively small sample sizes do not indi- 
cate unrepresentative FIT rates. . 
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BIASED 85°/85% R.H. 


Microchip Technology evaluates plastic encapsulated 
devices ability to withstand high temperature, high 
humidity environments while under electrical bias. This 
is done by utilizing the industry standard test method 
known as 85/85. This stress is designed to create cor- 
rosion of the metal or internal device leakage if ionic 
contaminants are present but also may cause charge 
loss in memory cells. 


Operating Hours 
0/5152 | 2/5152 | 2/5150 | 4/5148 


PCT (AUTOCLAVE) 





Originally, this test was designed to evaluate corrosion 
of bond pads due to penetrating moisture combining 
with contaminant residue on the metal surface. The 
corrosion failure rate for this test has become nearly 
zero and a new failure mode has surfaced. This is 
memory cell charge loss due to moisture penetration 
along the floating gate allowing a conduction path for 
removal of stored charge. This moisture path is 
between the seal of the metal and the passivation 
which can then be traced to the substrate near the 
edge of the floating gate. This failure type is the primary 
mode in the data provided. 


es 
Por | orois8 | shoves 















TEMPERATURE CYCLING 


This thermal tests evaluates air to air rapid temperature 
change evaluating built in material stresses. This is a 
worst case simulation of system power up/ power 
down and is based on stringent military packaging 
requirements. 


Operating Results 


Pro | oan | aasia | —a0sa_| 


THERMAL SHOCK 


Thermal shock is the most extreme case of tempera- 
ture cycling by using liquid immersion for the technique 
to change the device environment. This accelerates 
any stress related failures with the rapidly changing 
gradient. After the temperature stressing a constant 
force centrifuge test is also preformed prior to final elec- 
trical testing to further uncover any defects that may 
have occurred under stress. 


Operating Results 


[Po | —os700 | 73966 | 07662 — 


HAST (130°/85% R.H.) 


Highly Accelerated Stress Testing evaluates plastic 
encapsulated devices’ ability to withstand extreme high 
temperature, high humidity environments while under 
electrical bias. This is done by a new method known as 
HAST. This stress is designed to create corrosion of the 
metal or internal device leakage if ionic contaminants 
are present but also may cause charge loss in memory 
cells. 


| Operating Results 
Package 168 Hours 
1/3707 1/2030 
PLCC 2/1542 0/1170 
SOIC 5/2784 3/2779 
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PRODUCT RELIABILITY DATA 












7 : ey 4 FITS 


D 
D [79182 | 


LT 47 
LT 0/9192 | 1/9192 | 1/3672 3 


PIC16C55 BAKE 0/9887 | 1/9887 | 1/2823 | 1/2822 4,032,336 ee See 
PIC16C54 BAKE 0/15938 | 2/15938 | 1/4689 | 0/4688 6,616,344 eke eh. 
PIC16C84 BAKE 0/485 0/485 | 0/485 | 0/485 fe 488,880 








: FITS 


0/18597 | 1/18597 | 2/5735 | 4/5733 | 7 7,941,696 a ae 
2/6993 | 4/6991 | 0/2601 | 0/2601 3,359,664 
0/15164 | 3/15164 | 2/8427 | 3/8425 9,626,232 





DL 

DL <s a 

DL a po Os 
DL ele] ae ee 

DL | 2 | eee 

| s | 3 

BAKE | 2/14345 | 1/14343 | 1/a600 | 2/sse0| 6 | 5,493,960 | <1 
po | 2 

ae 

Ee 

ee 


T 
T 
T 
T 
T 

LT 


P ; FITS 


168 


Operation Legend: DLT - Dynamic Life Test (125°C) | Bake -Retention Bake (150°C) 


93CXX BAKE 0/6320 0/6320 | 0/1425 | 0/1425 2,258,760 









27HC256 
27C256 
270512 

27HC256 
270256 
270512 


DLT 
DLT 
DLT 


54 
45 
75 
64 
17 
88 
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EEPROM Endurance 





INTRODUCTION 


A unique feature of non-volatile memory devices is the 
dual requirement both to change and to maintain data 
states. It is this combination of requirements that pro- 
vides the contrasting nature that defines the complexi- 
ties involved in change and maintaining such change. 
Anything that enhances the physics to allow a data 
state change in contrast degrades the retention of that 
change. It also holds that any retention enhancements 
inhibit the data changing capabilities. A balance must 
be struck between the combinations to achieve the field 
requirements of customer applications. 


Erase/Write cycling has many variables which greatly 
effect the lifetime of the device. To accurately make 
comparisons between specifications and the actual 
requirements, or any other comparisons, these factors 
must be well understood and taken into account. 


TECHNOLOGY OVERVIEW 


Silicon Technology 


The basic technology employed by Microchip Technol- 
ogy for EEPROM’s is a FLOTOX structure as drawn 
below. This is a an industry standard architecture base 
which has been enhanced by Microchip to provide 
improvements to the quality and reliability of the 
devices produced. 


Memory Cell Gate 


NNNISCIETENNN 


Inter-Level Dielectric 


90 Ang Td Oxide 


Source 


Not to Scale) 


Circuit Technology 


These cells are then structured in either an 8 or 16 bit — 


word organization for data storage with between 32 
words (256 byte device) and 8K words (64K device) 
using standard binary decoding schemes found indus- 
try wide on memory devices. Data can then be trans- 
mitted either into the device for storage or read from the 
device when needed along a single DATA pin, (PC bus) 
or a dual Data in/Data out configuration (3-wire bus). 
The device has no restriction on the number of read 
cycles that can be processed per byte without damage 
but the storage process does have finite limitations. 


Currently two different schemes of error correction are 
being utilized on Microchip EEPROM’s. The 24CXxX, 
93CXX, 85CXX, 59CXX and 28CXX device types uti- 
lize a modified Hamming code redundancy scheme 
with four parity bits per eight bit byte. This has been the 
industry standard correction scheme for enhancement 
of cycling lifetimes by eliminating single bit per word 
errors. An alternative approach has been developed 
utilizing an AND cell concept of redundant memory 
cells. This further enhances the write/erase lifetime 
over the Hamming code and has been implemented on 
the 24LCXX and 93LCXxX circuits. 


Row Select Transistor 


Common Source = Bit Line 
eo 


Row Select 


Memory Cell Gate 


eae 
16.volis | 18.0 volts _ 
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Reliability Endurance 


The endurance failure rate curve for the Microchip 
devices is presented in the standard form for this curve 
from EEPROM FLOTOX manufacturers. Microchip 
does write/erase cycle all EEPROM devices prior to 
shipment to remove the infant mortality endurance fail- 
ures from the population. This characteristic curve, with 
two failure increase sections, is shown below for refer- 
ence. Both sections have single bits failing as the dom- 
inant mechanism. 


The first of the failure increase sections is usually 
related to breakdown of oxides from latent oxide 
defects that are inherent to any process. These oxides 
have reached a time dependent dielectric breakdown 
condition and permanently rupture. This generally char- 
acterizes the first 200K write/erase cycles under any 
conditions. The second curve is the standard trap up of 
electrons within the tunnel dielectric which closes the 
write/erase threshold window until the device no longer 
adequately programs or erases. 


This curve depends on multiple parameters, but the 
trap up failure increase portion often does not occur 
until ten million write/erase cycles or greater. 


The first failures from endurance cycling and the long 
term end of life failures are due to different mecha- 
nisms. 


The failures from 200K to 500K cycies have historically 
been attributed to “fast trap up” around the industry. 
Analysis at Microchip has shown that these failures are 
not actually trap up but oxide breakdown in nature. 
They most often manifest themselves as single bit 
charge loss or charge pump failure, both due to the for- 
mation of a conductive path within the gate oxide layer. 


These oxide breakdown failures can be related to 
defects of three types of categories. 


Type 1 is a residual chemical stain left behind on the 
wafer after processing due to an inadequate rinse. 
These are very difficult to physically detect and are best 
inferred from a pattern of bits (a bit cluster) that fail. 
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ERASE/WRITE CYCLES 





Type 2 is a physical defect which can be found upon 
microscopic or SEM analysis resulting in the failure. 
This is most often a particle, polysilicon nodule or metal 
short. . | 


Type 3 is a physical defect with low activation energy 
that cannot be detected until end of life evaluation 
because of it’s change in state (subsequent consump- 
tion) during latter processing steps. | | 


The end of life mechanism is called “oxide trap up”. This 
is where the tunnel dielectric oxide layer loses it’s ability 
to pass charge and begins to retain some portion of the 
charge that it passes to the floating gate. These excess 
electrons within the oxide act as a charge shield, result- 
ing in insufficient charge movement while significantly 
raising the voltage required to continue transmitting a 
constant charge level. Since the programming voltage 
is not adjustable this results in less charge movement 
for either the write or erase state. These states, 
whether charged negatively or charged positively, 
approach a central point and become indistinguishable 
to the detection circuitry of the device. This results in a 
failure to read the correct pattern, (impossible to distin- 
guish between a programmed one and a programmed 
zero) beginning with the extreme voltage values of the 
operating specification. 


Microchip strives to offer the lowest failure rate for both 
early life and wearout fails. Early fails in Microchip 
products are in the PPM range, and wearout does not 
set in most applications until after ten million cycles. 


MEASUREMENT OF CYCLING 


Microchip Technology defines a device lifetime in the 
strictest sense, that is, stated lifetime has to exhibit the 
truest correlation to customer results. All units shipped 
from Microchip have Error Correction circuitry engaged 
for customer use. Error Correction amends any one 
error per byte for Hamming and one error per bit for 
AND cell which allows the device to read correct data. 
An endurance failure is determined when any one bit is 
not capable of being correctly written and maintained in 
that state indefinitely. 


The device lifetime is defined when a specified percent- 
age of devices, (Microchip currently uses a cumulative 
2.5 percent), have a customer detectable error under 
worst case operating conditions. 


Ongoing monitors are acquired from every wafer lot of 
material manufactured for shipment. Samples are sub- 
jected to byte cycling of a checkerboard pattern at 85°C 
in rapid succession to the specified number of guaran- 
teed cycles. These units then are baked in both check- 
erboard and inverse checkerboard forms and 
electrically tested to ensure that data sheet require- 
ments are met. This data is accumulated on a monthly 
basis and reviewed to measure both results of continu- 
ous improvement programs and conformance against 
the device standards. 
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ENDURANCE VARIABLES 


a) 


b) 


Cc) 


d) 


e) 


Temperature: Within the FLOTOX technology, 
temperature has an inverse effect on the endur- 
ance of a EEPROM device. The activation 
energy of these cycling failures is approximately 
0.15 eV. The long term trap up portion of the 
curve is worsened by temperature to a greater 
extent than the early fails due to the difficult fail- 
ure mechanisms that are activated. 


Delay between cycles: This has been reported 
in the industry as having an enhanced effect on 
the lifetime of EEPROM devices. For some tech- 
nologies this does have a positive effect, how- 
ever, this is not strictly the case for FLOTOX 
manufacturers. While the second failure rate 
increase period (associated with end of life) may 
be impacted by this due to a decreased rate of 
electron trapping, the first failure rate is actually 
not impacted by this variable. 


Write timing: The decrease in write time to the 
device correlates directly with write/erase 
cycling failure rate of the device. This shorter 
pulse reduces the cell time at voltage which then 
provides an enhanced life prior to the occur- 
rence of a time dependent oxide breakdown. It 
also passes fewer electrons through the oxide 
providing less potential trapping possibilities 
while maintaining adequate margins for the writ- 
ten state. 

Please note that the rise time of the signal, 
which the customer does not have control over 
is also a dominant effect. 


Vcc voltage: The higher voltages generate 
higher fields within the device. This causes more 
stress which is offset by the operational increase 
of internal timers and actually shortens the write 
time of the device. 


Lower voltages this has the opposite effects on 
the individual parameters except in cycles obvi- 
ously where the write timer is externally con- 
trolled. This overall effect is minor compared to 
the others in magnitude on the failure rate curve 
and is variable over the customer operating 
range with a maximum at Vcoc=5.5 Volts. 


Pattern effect: The pattern that is programmed 
in the device does play a first order role in the 
overall lifetime. The act of programming a non- 
volatile memory inflicts damage on the device 
that cannot be repaired. This damage is the 
result of exposure to high electric fields which 
over a period of time either breakdown or trap up 
the effected oxide causing failures. The act of 
writing a cell from a one to a zero provides the 
maximum amount of stress by exercising the 
charge pump and passing electrons through the 
tunnel dielectric. (Please note that to write a zero 
even from a zero state causes an automatic byte 
erase prior to the write converting the bit to a one 
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f) 


g) 


and returning it to it’s original state!) Conversely 
writing a one from a one then passes no charge 
through the cell and therefore does no damage 
to the cell but does stress the charge pump. 


From an array standpoint, this would allow a 
checkerboard/ inverse checkerboard patterned 
device to endure twice the number of write 
cycles that an all zero patterned device would 
last. In general this appears to be approximately 
correct but does neglect the charge pump and 
other peripheral wearout mechanisms. 


Cycling mode: Three modes exist in Microchip 
devices that are primarily used for endurance 
evaluations. The byte write mode (one single 
byte written at a time) is the standard mode used 
by the customer in the field. A second technique 
exists called block mode which exercises all the 
cells of the array simultaneously. The lifetime 
expectations are approximately ten times as 
long for these block cycled devices as equiva- 
lently cycled byte cycled circuits based on 
experimental findings. This effect has been 
traced back to the rise time of the programming 
signal at the memory cell. The faster this voltage 
rise occurs, the more damage occurs and the 
shorter the lifetime. The block mode has a much 
slower rise time given the entire array being uti- 
lized provides a much larger resistive/capacitive 
load which slows the signal rise ultimately result- 
ing in the greater lifetime. Please note that the 
page mode which can be utilized by the custom- 
ers falls between the block and byte modes with 
respect to failure rate. Page mode offers the 
best balance of endurance and write cycle 
times. 

Array Size: This effect is a direct result of how 
fast most devices will fail due to a single bit not 
working simply due to the number of bits 
involved. This is not exactly double the failure 
rate with a doubling of the memory size since 
some circuits fail within the charge pump or 
decoding circuitry sections and are therefore not 
directly related to array size. 
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FIELD RESULTS 


Microchip Technology, after significant experimenta- 
tion, has developed a model of the Endurance failure 
rates as a function of all the variables listed above. This 
model is available to the customer in the form of a dis- 
kette called Total Endurance™. This allows the cus- 
tomer to bypass confusing information and conditions 
other than their application and directly predict the fail- 
ures seen in their application conditions within a few 
percent. This also allows the customer to adjust operat- 
ing parameters and immediately evaluate the impact on 
the results of the final system. Results for a typical 
application (obtained from the Total Endurance model 
are listed at right for reference). 














154 PPM 
172 PPM 


~ 24C02A =| ~——s«d10 years 
93046 136 PPM 
24L.C02B 108 PPM 
24LC04B | 10years | 131 PPM 
24LC16B 668 PPM 
| = 93LC46B 374 PPM 
93LC56B 108 PPM 
24LC65HE 131 PPM 
24LC65SE 4061 PPM 


Typical conditions used are 25°C, Byte mode operation 
with 24 cycles per day, Vcc = 4.5 Volts with a random 
pattern writing one quarter of the array at each occa- 
sion. The failure rates quoted are the expected failure 
rate at the end of the application life using an unlimited 
number of read cycles. For more information on Endur- 
ance, it is recommended that the user obtain a copy of 
Total Endurance. 
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Commercial/Industrial Outlines and Parameters 








PART NUMBER SUFFIX DESIGNATIONS: 


XXXXXXXXAX - XX X/KK XXX Examples: 
= 27C256T - 151/J 
QTP, SQTP, or ROM Code or Special Requirements PIC16C54 - RCV/SO 
Case Outline 
D = Ceramic 
J = CERDIP (with window if EPROM) - all products except Microcontrollers 
K = LCC (Ceramic Leadless Chip Carrier, not thermally enhanced) 
L = PLCC (Plastic Leaded Chip Carrier) 
P = Plastic DIP 
Ss = Die in Waffle Pack 
WwW = Die in Wafer Form 
CB = =COB (Chip-on-Board) 
JN = CERDIP, no window - for Microcontrollers only 
JW = =CERDIP, windowed - for Microcontrollers only 


PQ = Plastic Quad Flat Pack (PQFP) - Metric 

SJ = Skinny CERDIP 

14-Lead Small Outline 150 mil 

8-Lead Small Outline 207 mil 

SN = = 8-Lead Small Outline 150 mil 

SO = Small Outline 300 mil 

SP == Skinny Plastic Carrier 

SS == Shrink Small Outline Package 

TS = = Thin Small Outline (TSOP) 8 mm x 20 mm 
VS = = Very Small Outline (VSOP) 8 mm x 13.4 mm 


” 
- 
He oil 





Process Temperature 

Blank = 0°C to +70°C 

| = -40°C to +85°C 

E = -40°C to +125°C 

Speed (EPROM/High Density EEPROM) Crystal Frequency Designator 
for PIC16/17 Microcontrollers 

-55 =55ns 

-70 =70ns LP = Low Power Crystal 

-90 =90ns RC = Resistor Capacitor 

-10 =100ns XT = Standard Crystal/Resonator 

-12 =120ns HS = High Speed Crysta 

-15 =150ns -04 =4MHz . 

-17. =170ns -10 =10MHz 

-20 =200ns -16 =16MHz 

-25 =250ns 20 =20MHz 

-30 =300ns -25 =25MHz 

OPTION 

- = twc = 1ms 

F = twc = 200 us 

xX = Rotated pinout 

T = Tape and Reel 

Device Type (Up to 10 Digits) 

C = Indicates CMOS 

LC = Indicates Low Power CMOS 

AA =1.8V 

LV =Low Voltage 

HC = High Speed 

LCS = Low Power Security 
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Packaging Diagrams and Parameters 





Ceramic Side Brazed Dual In-Line Family 


| Symbol List for Ceramic Side Brazed Dual In-Line Package Parameters 


sect [Canam 
[a [Angular spacing between rin and max lead postions measured atthe gauge plane 
A] Distance between seating pane to highest point ofbody (i) «id 
[At] Distance between seating plane andbaseplane CS 
[a2] stance rom base plane to Fighest point ofboay (SSS 
[AS [Bese bodythiginess SSCS 
[8 [wath ofteminalieads SSCS 
[81] Wiath of terminal lead shoulder which locate seating plane (Sando geometry opiora) 
[6 Fickness ofterminaliegds 
[0 [Largest overall package paraneteroflengh SSCS 
or 
ee 
er 
ea 
8 
ta 
te 
9 
Ps 
[ss 




















Body length parameter - end lead center to end lead center 
Largest overall package width parameter outside of lead 
Body width parameters not including leads 


Linear spacing of true minimum lead position center line to center line 
Linear spacing between true lead eeu outside of lead to outside of lead 


1. Controlling parameter: inches. 

2. Parameter “e1” (“e”) is non-cumulative.. 

3. Seating plane (standoff) is defined by board hole size. 
4. Parameter “B1” is nominal. 
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Packaging Diagrams and Parameters 





Package Type: 8-Lead Ceramic Side Brazed Dual In-Line (300 mil) 


Pin No. 1 
Indicator 
Area 






Base 


Plane \ | 


Seating ——> - 
Plane 


Package sel Ceramic Side Brazed Dual In-Line (CER) 





Reena 

Typical 

13.412 es a 

7.824 
6230 | aan 
76200 | ees 
2.540 

7.620 Reference 


9.652 
3.810 


0. ‘005 
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| Packaging Diagrams and Parameters 





Package Type: 14-Lead Ceramic Side Brazed Dual In-line (300 mil) 


Pin No. 1 
Indicator 
Area 






Base 


Plane \ | 


Seating ——> - 
Plane 


Package Group: Ceramic Side Brazed Dual In-Line (CER) 





ie ied 







aaa (ae i ee 

pA 8.302 | oa || 0 to | 

pT | ess | tag Toes] asf 

| Az | ose | roa | | tt | 

| ART 77a | aia 8.070 eter! 
aes 


|. BIL «1.270 1.270 _ Typical 0.050 0.050 Typical 
0.203 0.305 Typical 0.008 0.012 Typical 
18.796 19.228 | ~~ | 0.740 0.757 | | 


0.508 0.016 0.020 | 
| Dt | 15.036 15.444, 0.592 0.608 


| ECL ozo | sez | | 800— | 30 | 
| er] oes | s7vo_ | | 7| zoe | 
0.108 
0.310 







| 0.208 
| 0.108 I 
. | 0.310 
| eB | 7620 | Sez | | S00 =S | Seo | 
a Ee | Oc -- 
a (A, a ET a er NR a ee ee ee 
ae ae ae OOO Ie cl ee OOM 
ON oe et ee 





DS00049F-page 8-6 © 1995 Microchip Technology Inc. 


S 


MICROCHIP 










Packaging Diagrams and Parameters 





Package Type: 16-Lead Ceramic Side Brazed Dual In-line (300 mil) 


Pin No. 1 
Indicator 
Area 


Base 


Plane \ | 


Seating ——> -' 
Plane 










2.032 a es 


Typical 
[coe | 0305 | ‘Typical 
[>| t9ata [20574 
[bi | _17.653_[ 17.907 | Reference | 0.695 
| EU 7620 | sez | 0800 

{Ei | 762 | avo] 
| et | ta | 2667 | Typical | 0.005 
| eA | 7.366 | 7.874 | ~Reference | 0.290 | 
28 __| 7620 _} _es2_| __{__9.800__| 
ae p___| 0.125 
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Packaging Diagrams and Parameters 





Package Type: 18-Lead Ceramic Side Brazed Dual In-line (300 mil) 


ON 
Me ee en 2 ee ee ee 2 ee 2 ee 2 es 


Pin No. 1 
Indicator 
Area 





=e | sie " (4 
fer pe eee 







| 0.054 Typical 
_ | 0.009 Typical 
a ee 23.114 omesinecne 0.880 area 


0.795 
SAA 2 Tae ea” lan 0.300 aN 
Ei | fost | zero ae 
| 








[8 | 7.620 e652 | 
3.178 4.19 fecsestectaesaleeal 
ek a cre 2490 aes aed) 
Oa |e rel 
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Packaging Diagrams and Parameters 





Package Type: 22-Lead Ceramic Side Brazed Dual In-line (400 mil) 


N 
ne Te ee Ee ee 


Pin No. 1 
Indicator 
Area 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic Side Brazed Dual In-line (600 mil) — 


N 
2 ee ee ee 








Pin No. 1 
Indicator 
Area 


Base 


Plane \ 


Seating ——» -: 
Plane 











ee ae ee Re eee el ene serie 
pA 8.048 |e t2.0 | 75 | 
PAD Tt | saa || ot | eo] 
| AZ| .og2 | oat | oso | ttf 
| AR | 778 | do || ovo | toons | 
| BL logos =| son, | | tS] | 
| Bt | 270 | 1.270 | Typical =| 0.050 || 0.050 | Typical 
PD 80175 | goa | tte tte 
| 17.736 | 28.144 | Reference | 1.092 | ~——1.108_—|_-~Reference _ 
| ET t4ge6 | teooz | | 90S || 30 | 
| ET | 47e2 | t4o3e =| | | ses | 
| eA | 14.086 | 15.748 | Reference | 0.590 | _—0.620_—si|_—RReference 

| eB | tages =| tess | | 90S || so | 
po kT 3.302] oes | tz | to | 
oe es a ee Ee eae a a ee et ae 
a See ee ee ee ee Se eee, aaa 
eS eee (ee ee (eee ek eee 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 





Pin No. 1 
Indicator 
Area 













| _. Package Group: Ceramic Side Brazed Dual In-Line (CER) 
| Millimeters 
| | Min | Mx 
a 
A 
A 
a2 | = 20s | 2921 
A3 








1.270 1.270 Typical 


C | 0.228 | (0.305 Typical 





1 
Et 14.782 14.936 | | 


30.175 30.785 | | 
2.336 2.744 | Typical ; 0.108 Typical 


| DAs Ss27.736 28.144 
| = ECSdLSs«14.986 16.002 


eA Reference 
| 14986 | 16.256 | | 90 =| eo | 
Ls | 3302 | 4oes | tt | tof 
ae Soler vere aes eee a ee ee eee 
NM a OOO | 
Si A Coen PA es ee ee ee ee 
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Packaging Diagrams:and Parameters 








Package Type: 28-Lead Ceramic Side Brazed Dual In-Line with Window (300 mil) 

















Indicator Area ; . how 








Base 
Plane 


Seating 
Plane 









ae a Ceramic Side Brazed Dual In-Line (CER) 












ee 

[ar [1.016 

[a2 feet [506 

[aa | 1.990 [2.988 | 7 

[8 | 0408 [0508 | ——~*+| ore | 0.020 

[er { 1219 | 1.321 | typieal_| 0.048 | 0.052 
[—c_| 0228 [0305 | Typical | 0.000 | 012 
[o_| 25.208 [asste [iSite at 

[pt | sa.e03 [93.147 | Reference | 1205 | 1.905 | 
[e | 7620 [a1 | —SS*dY~SCt00 «| Sao | 
[et | 7.366 [7.620 «| —S*dYSCt 90 «| goo] 
[et | aia | 2.667 | Typical | 0.005 | 0105 | 
[ea | 7.366 [7.874 | Reference | 0200 | oso | 
[es | 75a [ara | SiC | Ce S| 
[tf 3802 40ee ff SSSS*dYCtg0 “ote | 
SC 
a Ea — RNS a 
a TE ed eed 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Ceramic Side Brazed Dual In-line (600 mil) 









Pin No. 1 
Indicator 
Area 


Base 


Plane \ 


Seating ——» - 
Plane 

















[sme [ae — |__Notes | ___Notes 
Pe oO ee Os Wee Oe ee ey 
a eee ee ee ee ee ences 
arto | tsaa[SSSSC*d Stoo | to 
| Aa | ose] gan | | | S| 
AS 77a | sao | Tor Stoo | 
|B | oas7 | sop | | ot S| otf 
| Bt | 270 | 270 | Typical —| 0.050 | 0.050 | Typical _| 
pc | eg | 0.305 | Typical =| 0.009 || 0.012 | Typical__ 
Sa SOT eR cE Te CT SR 
| ot | = s2eie | 33.224 | Reference | 1202 | 1.308 _|_ Reference 
[ec | 14986 | te00e [| 0590 | oes | 
£1 _| _147e2 | 16.190 | _} _o62_|__o.s9@__f _ 
| et | ago | 2591 | Typical =| 0.098 | 0.02, | Typical __| 
[ea [14986 | 15.404 Reference | 0590 | 0.610 | Reference 
[eB | 14986 | 16256 | ~~ | oso0 | oe | 
po kT 3.302 | ose || ot | to 
[Coa ara Sa ee a ae as eee ee eee eee 
Seas Re ares 7 a eee eee es 
[Res a 7 ae ae nee ee (s(n ee GE 
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Package Type: 28-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) | 





Pin No. 1 
Indicator 
Area 







| 1.270 1.270 Typical 
0.228 0.305 Typical 0.009 
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Packaging Diagrams and Parameters 





Package Type: 40-Lead Ceramic Side Brazed Dual In-line (600 mil) 


N 
Gn GS es 2 eee ee 





Pin No. 1 | | a aa 
Indicator soe, AE + €B8 —_____», 
Area 


Plane 










3.048 44a5 | 


50.546 51.308 | 


48.056 48.463 


15.240 16.256 


| = Bt —s«d|sSs«'.270 1.270 Typical 
0.228 0.305 Typical 


a ee . 

a ee . 
JE | 15.240 | 16. eee! 
PED 14.47e | 15.748 . . eed 
J et | 2336 | 2.744 | Typical, =| 0.092 | 0.108 | Typical__| 
| eA | 15.240 | 15.240 | Reference | 0.600 | —0.600_—i|_—Reference 
| eB | 14986 | 6.256 | a 
ee ee ees 
(aaa eaeaee ae AE ee OR es ee ee ee ee eee 
a ee ee eC ee ee er: 
a a 3 el eee eee [eee tees 
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Packaging Diagrams and Parameters 








Package Type: 40-Lead Ceramic Side Brazed Dual In-line with Window (600 mil) 












Pin No. 1 
indicator 
Area 


Base 


Plane \ | 


Seating ——» - 
Plane 











Sa ee | 0.020 
a ee | 0.050 | Typical 
| Cc | 22a | 0305 | Typical =| 0.009 S| 0.012 | Typical 
| DT 50546 | st3o8 | | 990 | 2.020 
| bi | 48.056 | 48.463 | ~Reference | 1.892, | 1.908 | _-Reference _ 
| ET 15.240 | 6256 | | 00] 4] 
ee ee a ee ee 
| et | 2336 | 2744 | Typical | 0.092 | 0.108 | Typical | 
| eA | 15.240 | 15.240 | Reference | 0.600 | _—0.600_—i*|_—~Reference 
| eB | 14.986 | 16.256 
pk 8.302 4064 
ee ee eee ee eee 
eae eee aa eee ee 

ae eee 
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Packaging Diagrams and Parameters 





Package Type: 48-Lead Ceramic Side Brazed Dual In-line (600 mil) 


N 
Oe ee 


Pin No. 1 
Indicator 
Area 








Package Group: Ceramic Side Brazed Dual In-Line (CER) 3 
cnet |e ee 
















1.016 1524 | ~*~ 0.040 0.060 


ee Oh 
perf 1270 «| 1.270 Typical 0.050 
pe ee ee ee 
| pi |= sa2ie | 58.624 | Reference | 2292 | 2.308 | _—Reference 
SE DS ES I 
-_£1_| _i4are__ | t9.748 | ___ 

pet | 2.396 | 2.744 | Typical, =| 0.092 | 0.108 | Typical _ 
2A __| 15240 | 16.200 _| Reference | __0.600_|__0.600_| 

28 | __ 14.986 __| 16.256 

i ee, 
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Packaging Diagrams and Parameters 





Ceramic CERDIP Dual In-Line Family 







Symbol List for Ceramic CERDIP Dual In-Line Package Parameters 


Se 


Distance from base plane to highest point of body (lid) 
Base body thickness 


Width of terminal leads 
Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 






A 
Al 
A2 
A3 

Cc 
D1 
E1 
eA Linear spacing of true minimum lead position center line to center line 
eB Linear spacing between true lead position outside of lead to outside of lead 
e1 Linear spacing between center lines of body standoffs (terminal leads) 

L Distance from seating plane to end of lead 

Total number of potentially usable lead positions 

Distance from true position center line of Number 1 lead to the extremity of the body 


Distance from other end lead edge positions to the extremity of the body 
Notes: 


1. Controlling parameter: inches. 

2. Parameter “e1” (“e”) is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4. Parameter “B1” is nominal. 


Body width parameters not including leads 
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Packaging Diagrams and Parameters 





Package Type: 8-Lead Ceramic CERDIP Dual In-line (300 mil) 


Pin No. 1 
Indicator 
Area 











Package Group: Ceramic CERDIP Dual In-Line (CDP) 


Millimeters 
symbol | Min | | Notes | = Min | = Max_—|_—Notes 































a Sam TER SOR SAR (SU (a NR: OS Eee ee ee 
a Oe OO) 
| AT | coset fsa | tT oso | 
pv | Cees | Re 
a  * ( )  e e e 
J BT oss | ses | | te | ozs | 
| Bt | 270 | 1.651 | Typical, =| 0.050 | .065 | Typical | 
| oD 9s98 | 0.287 | 70 | | 
| bt | 7620 | 7.620 | “Reference | 0.300 | _~——0.300_—|_—RReference _ 
| EU] 7620 | 825s | | 800 | 325 | 
| ET | see eva | | 20 || sto | 
| eB | 7620 | toto | | 80S || goo | 
pk 85 | eto | tet | 
[aaa Fr a a AE ieee ee 
| S| sos | tzo7_ | | 2.0] 

1 | coger | tava | Tot | oso] 
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Packaging Diagrams and Parameters 





Package Type: 16-Lead Ceramic CERDIP Dual In-line (300 mil) 


Indicator 


> > 


2 


19.050 _ 

17.780 
7493 | 8.255 | 
5508 | 7874 | 
2.540 


7.366 8.128 Reference 
7.62 10.160 
3.175 3.810 


[16 


si | 0.381 


@O 
ee) 


= 
(o>) 


0.508 
0.381 
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Packaging Diagrams and Parameters 





Package Type: 18-Lead Ceramic CERDIP Dual In-line (300 mil) 







Pin No. 1 
Indicator 
Area 


Base 


Plane \ | 


Seating ——» -- 
Plane 





1. | 0.065 | __ Typical 
C 0.203 0.381 Typical 0.008 0.015 Typical 


20.320 20.320 0.800 0.800 
| E7620 8.382 0330 | 
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Packaging Diagrams and Parameters 





Package Type: 18-Lead Ceramic CERDIP Dual In-line with Window (300 mil) 








Pin No. 1 
Indicator 
Area 


Base 


Plane \ | 


Seating ——» -! 
Plane 














m7) 
< 
q 
_s 
2. 








|__Notes |__Notes 
a oe Oe 
pA po | | 
fa AN es 008A TOO ne OT 007 
v2 | sto | ooo | | tO | 
pas | gio | ats | tO || 
p Boss | ses | | ta | cs | 
| Bt | 270 | 651 | Typical, =| 0.050 | 0.065_| Typical 
| Dasa | ase22 | | | 80 | 
) ET 7e20 | see | | 00S | 830 | 
| et | 58a | e74 | | 220 | | 
| eB | 7620 | toteo | | 00S | Soo | 
pk 875 | eto | tO 
ae aaa a, Eee a RE SO Nee ae eee ae 
i Oats SOON eft. OOF NS eee ese 
| st | get | too | CT eee ed 
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Packaging Diagrams and Parameters 





Package Type: 22-Lead Ceramic CERDIP Dual In-line (400 mil) 
N 








Pin No. 1 
Indicator 
Area 


Base 


Plane \ 


Seating ——» .- 
Plane 






























eee | Millimeters 

| Min | Max 
eee ee ee ee 
a ee eee ae ee 
a a a a ee 
| BT 5B] 85 
| Bt | 4.270 | 151 
| Do = 26670 | 27.940 
| Dt {| = 25.400 | 5.400 
| EOL 10.160 | 10.922 
PN Tt 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic CERDIP Dual In-line (300 mil) 
N 


Pin No. 1 
Indicator 
Area 

















_ Package Group: Ceramic CERDIP Dual In-Line (CDP) 


O Millimeters Inches 























| Min | Mex | Notes | Min | Max | Notes 
RE eae Se (ee ee ee (ee ee ee 
le sa At es I a 
ae eee ee ee ee Ee ee eee 
PAR | Re | CR A 
| avs | io ||| OS | 
|B Toes | ses | | te | as] 
| Bi | 270 | 51 | Typical, =| 0.050 | 0.065 | Typical 
PD ais | gages ||| 
1.100 | _1.100__|_ Reference _ 
| ET en | sez | | 800 | 0.830 | 
| Et | sea] eva | Tze] | 
| et | 2540 | 2.540 | Reference | 0.100 | ~—0.100_—i*|_—~Reference _| 
| eA | 7366 | 8.128 | Typical =| 0.200 || 0.320 | Typical 
| eB | e200 | ttazo | | t00—Ss || 
po} 875 | eto Tt 
ee RS ere a ae ees ee Re a a eee 
| store, =| ees | | St || ops | 
oO 088K A a OIG POO 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic CERDIP Dual In-line with Window (300 mil) 









Pin No. 1 
indicator 
Area 


Base 


Plane \ 


Seating ——e .-): 
Plane 













a ee ee 

= 
0981 | 1.905 | 
p AR | eto | eof 
| AS88104 
[Boss | ses | a 
| Bi | 1.270 | 1.651 | Typical =| 0.050 | 0.085 | Typical 
PD tats | gages | 2275 | 
| bi || 27.940_ | 27.940 | Reference | 1.100 | 1.100 __|_ Reference | 
po ET 720 | sez | | 00 | 330 
| en | ssea | eva | | zt] 
| et | 2540 | 2.540 | Reference | 0.100 | —-0.100__—|_—~Reference _| 
| eA | 7.366 | 8.128 | Typical, =| 0.200 | 0.320 | Typical __ 
| eB T7620) | ttazo, | | 00 || 
pk 875 feta] tO 
A aa ae a ee ee 
. ieee ae 
enna 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic CERDIP Dual In-line (600 mil) 







Pin No. 1 
Indicator 
Area 


Package Group: Ceramic CERDIP Dual In-Line (CDP) 


; Millimeters 


symbol | Min =| Max 


| 4.445 

ee 
| 0.208 | 0.381 | Typical 
| 914is | 2.985) | 


| 15.240 | 15.875 | 
| 12954 | 15.240 | 


1.016 
0.381 


A 
At 
A 
A3 

B1 
C 
D1 
E1 
eonle 
S 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 


Pin No. 1 
Indicator 
Area 





Base 


Plane \ 


Seating ——» . 
Plane 


Package Group: Ceramic CERDIP Dual In-Line (CDP) ~ 


Millimeters 





| 3415 | 32.985 | 
Reference 
| 15.240 | 15.875 | 


A 
1 
3 
Bt 1.651 Typical 
6 
D1 |_Reference | 
Et 12.954 15.240 | °°} | 
et |_Reference _| 
"i 
L 
s 
Si 


A 
A2 
A 
e 


Reference 
3810 | 


0° 

ee ee ee ee 
1.016 22860 | 
0.381 hi ines 
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Packaging Diagrams and Parameters 








Package Type: 28-Lead Ceramic CERDIP Dual In-line (600 mil) 


N 
es ES ee ee ee 






Pin No. 1 
Indicator 
Area 















| Notes 
tie ad eee 
ae e 
ee 
| Ref.A3 
eae 
| BT. . oe 
) DT 86495 | ages ||| 
Reference 
| ET 5.240 | t5875 | | oo || 
| Et | 12.054 | 5.240 || tO | 0600 | 
| eB | 15.240 | 18.034 | See 
Jk | ts | pai | Ss 
ae eS eee eee ee ares 
J Ss | tore | asf fees ene 
ae ee a ee era 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 


Pin No. 1 
Indicator 
Area 





Package Group: Ceramic CERDIP Dual In-Line (CDP) 


t oke| oe 















Symbol__| Min | Max | Notes | Min | Max__| Notes 
Sa er Te IE Seeks | eeenrtee ee: ibe (i (a 
eae ae ee ee ee ee 
| AL | ose] saa | Tt | eo | 
| a2 | aio | tog || Ot | 
pas | sto | 4a] | tO || 
| BUT oes | ses | | te] as | 
pb | 86 t95 | a7aes || tas | | 
|p E5240 | 575 | | OO ||| 
| EW | ta.954 | ts240 | Tt | oo S| 
| eB | 15.240 | 18034 | | oo | to | 
pk Ts | sto | ts | to | 
ae a ee ee ee ee ee ee ee ae es ee 
pS tore | es | | ot | oss | 
| st] gat] te | | tS] ovo | 
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Packaging Diagrams and Parameters 





Package Type: 40-Lead Ceramic CERDIP Dual In-line (600 mil) 


N 
ne 2 ee 


Pin No. 1 
Indicator 
Area 








Package Group: Ceramic CERDIP Dual In-Line (CDP) 


Millimeters . | Inches 
| Min | Max | _—sNotes 























| Min | Max 
[a | o | | | | | 
[a [ase Sd tes 
at [eset | t778 | Sd ts | or) 
SS OY 
[as | ato aes YC 
[—s | 0ass | 0585 SSSS*d cota | oo | 
[1270 [1.651 | Typical | 0.050 | 0.065 | Typical | 
[0.209 [0.981 | Typiear [0.008 | 0.015 | Typical | 
rsiag5 | se70s [Sos os 
[48.260 [48.260 | “Reference [1.900 | 1.900 | Reference 
| [0.600 


BL 

ee 

ee ere . 

a=) a . 

| UE | 520 | tbe75 | | | eT 
| ei 29054 | 5.240 | | tO | oo | 
pet | 2840 | 2540 | Typical, =| 0.100 | 0.100 Typical 
| eA | 14.986 | 16.002__—|_— Reference | 0.590 

| eB | 15.240 | 18.034 | 0.800 

et i ec ITO ae, BONO sera 

ees a ee ee Ee ee Eee 

a ee ee 2 

| st | er] 77a | 
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Packaging Diagrams and Parameters 





Package Type: 40-Lead Ceramic CERDIP Dual In-line with Window (600 mil) 


Pin No. 1 
Indicator 
Area 





Base 


Plane\ | 


Seating ——> -- 
Plane 


Package Group: Ceramic CERDIP Dual In-Line (CDP) | 
pg ner eee Enc —— seen 
Ce a (es ee ee 
















0.150 0185 | 


feces eed 

. eee a 
J BU sss | 85 | ooi4 | 0023 | 
| 1651 | Typical, =| 0.050 | 0.065 | Typical | 
ees a4 

ee 

i er 

tet 2 









| 61435 | 52.705 | | 2.025 | 2.075 | 
D1 

| 15.240 | 15.875 | | Des] 
Ei | 129054 | 15240 | | sto | 600 | 
a BAR BO ae 
| eee aes 
eaten | Re eerie) Reverie ordi Sees Oa 
ea S| 106 | 8 Ba 8 ae 
| st | get |e | Poe 
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Packaging Diagrams and Parameters 





Ceramic Flatpack Family 


Symbol List for Ceramic Flatpack Package Parameters 


Symbol Description of Parameters 
Distance between seating plane to highest point of body (lid) 









[8 [Wishofteminalteads 
[bIlareest overall package paraneierofienh SSS 
ne 


Largest overall package width parameter outside of lead 







Distance between seating plane and lead 
Distance from true position center line of Number 1 lead to the extremity of the body 


Distance from other end lead edge positions to the extremity of the body 


[6 [Linear spacing between center nes of body standofs (erminalleads) 
[Other package with parameter 
[NW FTetalnumber of potently usabiolead postions 
Notes: 
1. Controlling parameter: inches. _ 

Parameter “e1” (“e”) is non-cumulative. 


2. 
3. Seating plane (standoff) is defined by board hole size. 
4. Parameters “B” and "C" are nominal. 


SARL ASAT TIE FI OC SIO EE ER SE TE ETT ES ET SE FE TT TR TT LTE ETE EIT I CSET NT WE SE STS OE AEE Ea AD PR SEIT EOF EE TI SSE NT ET TE AES SEATS TPS SOT TT TN EEE 
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Packaging Diagrams and Parameters 








Package Type: 28-Lead Ceramic Flatpack 






E H 
Pin No. 1———_» 
Indicator if 
ac ae Seating and 
eer Base Plane 
; 1 


Package Group: Ceramic Flatpack (CFPK) 


Millimeters 
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Ceramic Leadless Chip Carrier Family 












Symbol List for Ceramic Leadless Chip Carrier Package Parameters 


Symbol Description of Parameters 
Thickness of base body 
Total package height 


Largest overall package dimension of width 


Linear spacing between edges of true lead positions (of corner terminal lead pads) 
lead corner to lead comer . 





Depth of major index feature 
Width of minor index feature 
Distance from package edge to end of effective pad 


Total number of potentially usable lead positions 


A. 
At 
A2 

et 

h 
<< 

L 


Notes: 

1. Controlling dimension: inches. 

2. Parameter “e1” (“e”) is non-cumulative. 

3. Seating plane (standoff) is defined by PC board hole size. 
4. Parameter “B” is nominal. 

5. Corner configuration optional. 
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Package Type: 28-Lead Ceramic Leadless Chip Carrier 


a0: ss050% 
fe 

epee 

iP: < 


wee 
be 


22, 
Hee . 


fe 
Oy 


ames 


Pin No. 1 Indicator 
(size and type of 
_ indicator may vary) 





He 
He 








~+—- j x 45° Index 
Comer 


A1 A A2 





Package Group: Ceramic Leadless Chip Carrier (LCC) 

















Symbol | Min | Max_—| Notes, =| Min =| Max_—||_—Notes__ 
[4ser | aio | -——~*«| ows oom | 
46st [sao | Sd too 
0254 [ose | SSC*dCSCttot «dP ots | 
[058s [0712 | Typical | 0.028 | 0.028 | Typical 
P4ize6 | avese [Cd oo] 
[7.620 | 7.620 | Reference | 0.300 | 0.400 | Reference _ 

7 ye 


| 4.270 
| oset | = Typical =| 0015 | Typical 
Reference 
| 0508 | 0.508 | _~Reference | 0.020 | _—0.020__—i|_—RReference 
Typical 
ee ee eee ee ee ee ee 


, | 

. 

. . 

ae ae 

. 

| EO] ttaae | ttese | 

Typical 
pe | 1.270 | 1.270 Reference 
. 

. . 

Lees 
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Package Type: 28-Lead Ceramic Leadless Chip Carrier with Window 
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0 > 
020 eeoeremeinenemnieenentorwmnl’ #8, 


seretetere. 
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* Beteteretee. 
eee 


f] 
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1 
nee 
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Pin No. 1 Indicator 
_ (size and type of 
indicator may vary) 





mer 





Seating Plane ---,------;------ eee ees Bea eee cee 













. 
0.040 
Reference 
0.055 

a a a ee ee ee De ee ee ee eee 


0080 [0.100 

ae oa tas 0085 00s 

Ds |0ssa [0712 | Typical | 0.028 | 0.028 | Typical 
SS CT 
Se CT YY 
["7et [7.620 [7.620 | Reference | 0.500 | 0.800 | Reference 
De) 4.270 [4270 | Typical [0.050 | 0.050 


0581 | - | Typieal | _ 00015 
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Package Type: 32-Lead Ceramic Leadless Chip Carrier 







Pin No. 1 Indicator 
(size and type of 
indicator may vary) 


jx 45° Index 
Corner 


fee eed 
| ae] eg | net tts | 
/  B | oes | est | Typical =| 0.025 | 0.026 | Typical _ 
pb 3716 | t4a2a || to Tosco | 
DR - P  > Y: 
Je | 270 | 270 | Typical, =| 0.050 | 0.050 | Typical__ 








| = | Typical | 0.015 | 
| ij | 0508] 0.508 Reference 
| 
ae re 
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Package Type: 32-Lead Ceramic Leadless Chip Carrier - FRIT 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 





Vt it Corner 
TOP tot BOTTOM :: 















[a | ta | ase 

[286 | s.g08 | 0080 ot90 
ne 0695 tas fdas | 0s 
[8 [ose | 0712 | Typical | 0.002 | 0.008 | Typical 
[p76 taaee fd ao oso 
[pr [7.607.620 | References | 0.300 | 0.800 | Reference _| 
[Te ees ese me ose 
[er [10.160 | 10.160] Reference | 0.400 | 0.400 | Reference 
[es [1270 [1270 | Reference | 0.050 | 0.050 | Reference _ 
[et eset Typical | cos | + —‘Typical 
ieee 






| jf CT 508 | 508 |~Reference | 0.020 
1.143 1.397 Typical | 0.045 |0.085 Typical 
ee” ae ae ee 
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Package Type: 32-Lead Ceramic Leadless Chip Carrier with Window 


Preece! 
ae 
bs < 
oe te ' 
erates aie iene eee ee ae 
1 





Pin No. 1 Indicator 
(size and type of 
indicator may vary) 





ge eet =~ <= j x 45° Index 


sa BOTTOM !: Corner 


Package Group: Ceramic Leadless Chip Carrier (LCC) 


[aA | tas7 | 2tsa | ——*+|~ 00s | ooss 
at [2286 | 3.008 naa 
7 aaa 
558 | o.7i2 | Typical | 

a716 | 14208 | ad 
| 
nen 

Reference — 


11.226 | 11634 | 

10.160 10.160 Reference 
| = | Typical | Typical | 
| 4016 


1.016 
0.508 


1.397 Typical Typical 
a a Eo eee eee 
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Package Type: 32-Lead Ceramic Leadless FRIT-Seal Chip Carrier with Window 


ae DY 
ae 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 





B — ~— j x 45° Index 


BOTTOM : Corner 





A1 A A2 






Package Group: Ceramic Leadless Chip Carrier (LCC) 


ee 
symbol | Min =| = Max_— || _—s Notes, =| Min. — | Max__—|_—=Ntes 

[A | tar] aio | ~~S~*~*~rSC<‘i lS 
at [2286 | s302 0.000 | 0t90 
SS 1 
[8 | 0558 | o712 | typieal | 0.022 | 0.028 | Typical _| 
[p76 aes i) | oso 
pi 7.620 [7.600 | Reference | 0.900 | 0.800 | Reference 
[ef ieee anese me | os 
et |- 40.160 | 10.160 | Reference | 0.400 | 0.400 | Reference 
[2 | 1270 | 1270 | Typical 
[et | oast__| = | Typical | 0015 [| —- | Typical | 
Th 1.916 [4.016 | Reference 
-——j 0.508 [0.508 | Reference | 0.020 | 0.020 | Reference 
[ok as [1.997 Typieal | 0.045 | 0.055 | Typical 
Pea eee ee ee A 
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Package Type: 44-Lead Ceramic Leadless Chip Carrier 
<= D> =—Dt—* 
: : | ties 
se Nee a Pe 
SRT Be f baliadas et 
N 
E 
I Pin No. 1 Indicator 
| | (size and type of 
ae | yv indicator may vary) 
ae Fash ce 
hx45°—>| =< — ri a — 5x 45° Index 


Seating Plane 4 weenee [Tit lil] Shee ete tts 











Package Group: Ceramic Leadless Chip Carrier (LCC) 


ari | 2.083 P0082 



















|__Notes | 

os ||| me 

3048 | ~«d| oor] ono 
| 143 || 9.010 foes 

[8 | 05ea [0712 | Typical [0.028 [0028 | Typical _ 
[pf tease [teats | | ao | me] 
[es _ | te256 [teas | | =a | oen | 
[1 [42,700 | 12.700 | “Reference | 0.500 | 0.500 | Reference _| 
pe | 4.270 [1.270 | Typical_| 0.050 | 0.050 | Typical 
[et |0se1 [| Typical [0015 | - | Typical _ 
a ee ee 
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Ceramic Leaded Chip Carrier Family 


Symbol List for Ceramic Leaded Chip Carrier Package Parameters 


Symbol Description of Parameters 
fF A Distance between seating plane to highest point of body 
Distance from lead shoulder to seating plane 


















A 
| 

[_N[Tetalnumber of poteniay usabie lead postions 
—— Total number of leads on short side (rectangular) | 


Total number of leads on long side (rectangular) 








Notes: 
All dimensions and tolerances conform to ANSI Y14.5M-1982. 


, 

2. Datum plane | -H-|located at top of parting line and coincident with top of lead. Where lead exits body. 

3. Datums ae. be determined where center leads exit body at datum pland -H-]. 

4. To be determined at seating pland -C-]. 

5. Transition is optional. 

6. Square: Details of pin1 identifier are optional but must be located within one of the two zones indicated. If the 

number of terminals on a side is odd terminal 1 is the center terminal. 

Rectangle: Details of pin1 are optional but must be located within zone indicated. If the number of terminals on a 

side is odd, terminal 1 is the center terminal. 

Location to datums [-A-Jand -B-| to be determined at plang -H-|, 

All dimensions and tolerances include lead trim offset and lead finish. 

9. These two dimensions determine maximum angle of the lead for certain socket applications. If unit is intended to 
be socketed, it is advisable to review these dimensions with the socket supplier. 

10. Controlling dimension: inches. 


oN 
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Package Type: 68-Lead Ceramic Leaded Chip Carrier (Window) 








D 0.812/0.661 x) p: 
le) zee © Rf aa peoTgee 
meet D-E 
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” : —— Da/E3——»! ie 0.101 ‘i 
De w.IN! | Seating 
Slo a ™ 


uD 
@ 
a 

















ae pi hg. 0-812/0.661 
Q.694 1 ,032/.026 
O10 Max -p! tig ers ik 
0.508 060 Min 
_¥__ .020 
7 rele LUN, 
“77 1.651. 0.64 win»! '0.539/0.331 
.065 .025 to 021/.013 
R 1.14/0.64 
.045/.025 


Or ® 


Package Group: Ceramic Leaded Chip Carrier (CLCC) 


Millimeters 


symbol_| Min | | Notes | Min | Max __|__Notes 


as00 | ~S*dYSCta | te 

3048 | —+| 0.080 | o.t20 

25202 [| —~~«Y og | ose 

A 7 

2376 [+0800 | 0.94 

[Reference | 0.800 | _- | Reference 
[9868 


23.977 24333 | #| 0.944 0.958 
| | 0.900 |__0.940 


Reference | 


0800 | 
po 0.004 
| 0.008 0.008 


PD . 

, 

, 

| Egos | 5.222 | | 830.098 
. 

, 

ea ae 

. 


0.152 0.204 
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Package Type: 84-Lead Ceramic Leaded Chip Carrier (Window) 
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Package Group: Ceramic Leaded Chip Carrier (CLCC) 


sane — 























Symbol | Min | = Max —|_—Notes_— | Min. — |= Max_—|_—sNotes_— | 
aA | aii | 400 | ——~—S*«Y~Sites (| es] 
at [2208 [30480090 | oto 
[pf 90.048 [90.953 fittest 
[or 28.829 | 20501 | tts tes | 
[pe | 27.900 | 28.056 || t.too | go | 
[ps | asa = rence | to [tee 
[Te [soos eosss PP tts 
[er [8.829 [eos | itt tes 
ee | 27.940 | 28.086 | —~P t.t00 | tao | 
[es [25.400 || Reference [1.000 |= Referenee 
ow) et i ee ee 
or ce 008 
rots 0206 0008 0.008 
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Plastic Dual In-Line Family 


Symbol List for Plastic In-Line Package Parameters 


Description of Parameters 





Angular spacing between min. and max. lead positions measured at the gauge plane 
Distance between seating plane to highest point of body 

Distance between seating plane and base plane 

Base body thickness 

Width of terminal leads 


Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 


Thickness of terminal leads 


Largest overall package parameter of length 


Distance from other end lead edge positions to the extremity of the body 





1. Controlling parameter: inches. 

2. Parameter “e1” (“e”) is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4. Parameter “B1” is nominal. 

5. Details of pin Number 1 identifier are optional. 

6 


Parameters "D + E1" do not include mold flash/protrusions. 
Mold flash or protrusions shall not exceed .010 inches. 
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Package Type: 8-Lead Plastic Dual In-line (300 mil) 





Pin No. 1 = | 
Indicator P oe 
Area 


| Notes | 
a 
4064 | 

J ALT ges | 
Az | ods] io | 
. | osse | 
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Cee eee 


. 8255 | 
maz | 


| | 


0.869 | 


0.254 


7.874 aa 
3.048 ea 
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Package Type: 14-Lead Plastic Dual In-line (300 mil) 





Pin No. 1 
Indicator 
Area 





q———_—_——— @B ———______-»' 














|__Notes 

foe peso! 

Peete! 

Leal 

eee 

eee eee 

. 0.060 0.060 

c | 023 | 0381 | Typical | 0.008 | 0.015 

eats [east [a 0.765 seamen 

0.600 
[0.800 [0.828 


[er | 60% | 7a | | ozo | ozo | 
21 2.489 2.591 Typical 0.098 0.102 Typical 



























7.620 - 7.620 0.300 Reference 
9.906 
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Package Type: 16-Lead Plastic Dual In-line (300 mil) 


Pin No. 1 
Indicator 
Area 
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Plane \ g 
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Package Type: 18-Lead Plastic Dual In-line (300 mil) 


Pin No. 1 
Indicator 
Area 





| 


Typical 
Typical 


Reference 
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Packaging Diagrams and Parameters 








Package Type: 22-Lead Plastic Dual In-line (400 mil) 


Pin No. 1 
indicator 
Area 









Base 


Plane\ | 


Seating ——» -: 
Plane 









a Group: Plastic Dual In-Line (PLA) 
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0203 _| _o.981_|__Typiesl_| _0.008_| _0018_|_Typleat _ 
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p 9906 [1075 [| (| ~0.s00 | 04s | 
ed 
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Package Type: 24-Lead Plastic Dual In-line (600 mil) 
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Package Type: 24-Lead Plastic Dual In-line (300 mil) 
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Pin No. 1 
Indicator | 
Area 





Seating —— -: 
Plane 


B1 


1.524 1.524 Typical 
0.203 0.381 Typical 


2.489 2.591 Typical Typical 
7.620 7.620 __| Reference _| Reference 
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Package Type: 28-Lead Plastic Dual In-line (300 mil) 


Pin No. 1 
Indicator 
Area 


Base 


Plane \ 


Seating ——» 


Plane a 


Detail A 














Package Group: Plastic Dual In-Line (PLA) 


anes Millimeters Inches 
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Package Type: 28-Lead Plastic Dual In-line (600 mil) 


Pin No. 1 
Indicator 
Area 






Base 


Plane \ 


Seating ——» -+: 
Plane 


Package Group: Plastic Dual In-Line (PLA) 


Millimeters pinches 
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ee 
PA po | 0 
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eS a ee ee ee eee ieee eit eee coe 
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Package Type: 40-Lead Plastic Dual In-line (600 mil) 


Indicator 
Area 





ee el 
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Package Type: 48-Lead Plastic Dual In-line (600 mil) 







Pin No. 1 
indicator 
Area 









| Max | | Min | Max | __ Notes | 

a ae a ee ee 

, 5.080 ee eS 
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{  B | oss [| oss9 | | |r| 
| Bi 1.270 1.270 Typical =| 0.050 =| —0.050_—s|_—sTypicall 
0.203 0.381 Typical 0.008 0.015 Typical 

| DT 61.468 62230 | «| = 24a | dso | 
2.489 2.591 Typical 0.098 0.102 Typical 
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| EN | 3716 | taza || dO | 
| 0.098 |. 
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Plastic Leaded Chip Carrier Family 


Symbol List for Plastic Leaded Chip Carrier Package Parameters 


Symbol Description of Parameters 


Distance between seating plane to highest point of body 





A 

C 

D/E 
D1/E1 
D2/E2 
D3/E3 
a 


—_, 


Distance between lead shoulder to seating plane 





~~ 


Seating plane coplanarity 





Outside dimension 





Plastic body dimension 





Footprint 
Footprint 


- 


Lead thickness 
Total number of potentially usable lead positions 
Total number of leads on short side (rectangular) 


Total number of leads on long side (rectangular) 
Notes: 
All dimensions and tolerances conform to ANSI Y14.5M-1982. 


Datum plane [-H- located at top of mold parting line and coincident with top of lead where lead exits plastic body. 


Datums [D-E |and F-G] to be determined where center leads exit plastic body at datum pland-H- ]. 
To be determined at seating pland-C- |. 

Transition is optional. 

Plastic body details between leads are optional. 


Dimension D1 and E1 do not include mold protrusion. Allowable mold protrusion is .254mnv/.010in. per side. 
Dimensions D and E include mold mismatch and are determined at parting line. 


Square: Details of pin 1 identifier are optional but must be located within one of the two zones indicated. 
Rectangle: Details of pin 1 identifier are optional but must be located within zone indicated. If the number of ter- 
minals on a side is odd, terminal 1 is the center terminal. 


9. Location of datums |-A- Jand-B- | to be determined at pland-H- |. 


10. All dimensions and tolerances include lead trim offset and lead finish. 


11. These two dimensions determine maximum angle of the lead for certain socket applications. If unit is intended to 
be socketed, it is advisable to review these dimensions with the socket supplier. 


12. Controlling dimension: inches. 
X. Sum of dambar protrusions to be 0.17 (.007) max. per lead. 
Y. Feature is not required, but is optional at manufacturer's discretion. 


MP oe Ee NS 


o 
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Package Type: 28-Lead Plastic Leaded Chip Carrier (Square) 
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Package Group: Plastic Leaded Chip Carrier (PLCC) | 
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Packaging Diagrams and Parameters 





Package Type: 32-Lead Plastic Leaded Chip Carrier (Rectangle) 
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Packaging Diagrams and Parameters 





Package Type: 44-Lead Plastic Leaded Chip Carrier (Square) 
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Package Group: Plastic Leaded Chip Carrier (PLCC) 
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Packaging Diagrams and Parameters 





Package Type: 68-Lead Plastic Leaded Chip Carrier (Square) 
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Packaging Diagrams and Parameters 








Package Type: 84-Lead Plastic Leaded Chip Carrier (Square) 
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Packaging Diagrams and Parameters 





Plastic Small Outline Family 







Symbol List for Small Outline Package Parameters 





Description of Parameters 








Angular spacing between min. and max. lead positions measured at the gauge plane 





Distance between seating plane to highest point of body 


Distance between seating plane and base plane 
| B__| Width of terminals 


Thickness of terminals 


a: ae Largest overall package parameter of length 
fe tee al Largest overall package width parameter not including leads 
E tee Linear spacing of true minimum lead position center line to center line 
































Largest overall package dimension of width 


Length of terminal for soldering to a substrate 


Total number of potentially usable lead positions 
Seating plane coplanarity 


1. Controlling parameter: inches. 

2. All packages are gull wing lead form. 

3. "D" and "E" are reference datums and do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed .006 package ends and .010 on sides. 

4. The chamfer on the body is optional. If it is not present, a visual index feature must be located within the cross- 
hatched area to indicate pin1 position. 

5. Terminal numbers are shown for reference. 


SS LE EN 
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Packaging Diagrams and Parameters 





Package Type: 8-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 
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Package Group: Plastic SOIC (SN) 


Cc 
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Packaging Diagrams and Parameters 





Package Type: 8-Lead Plastic Surface Mount (SOIC - Medium, 200 mil Body) 
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Area 


Chamfer 
h x 45° 
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Package Group: Plastic SOIC (SM) 
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Packaging Diagrams and Parameters 








Package Type: 14-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) | 
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Package Group: Plastic SOIC (SL) 
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Packaging Diagrams and Parameters 





Package Type: 18-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Package Group: Plastic SOIC (SO) 


Reference 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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| Package Group: Plastic SOIC (SO) 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Package Group: Plastic SOIC (SO) 











| Min | Max | Notes | Min | Max 
aa eee ee | ae (eS ie ee 
J A | see | eae || | toa | 
| AL | ton | goo | || ora | 
| BT sss | asa | | te] otg | 
pc | as | ste | | 09 | | 
JD | 17.703 | teo8s | | or | ria | 
ee ee 2 ae ae ee ee ee 
Je 1270 || 1.270 | Typical, =| 0.050 || 0.050 | Typical 
JH | = to007_ | toes | | |i | 
ph] et | ez | | tt] | 
a a Se 2 
LR ana a | eee ee eee ee ee eee 








© 1995 Microchip Technology Inc. DS00049F-page 8-69 


ANN 


MICROCHIP 








Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 330 mil Body) 
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Package Group: Plastic SOIC (SW) 
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Packaging Diagrams and Parameters 





Plastic Shrink Small Outline Family 


Symbol List for Shrink Small Outline Package Parameters 
Symbol 


Description of Parameters 
Angular spacing between min. and max. lead positions measured at the gauge plane 
Distance between seating plane to highest point of body 
Distance between seating plane and base plane 
Width of terminals 


Thickness of terminals 





= 


=z 
2g 
& 
aod ee O > 











Largest overall package parameter of length | 

Largest overall package width parameter not including leads 

Linear spacing of true minimum lead position center line to center line 
Largest overall package dimension of width 

Length of terminal for soldering to a substrate 

Total number of potentially usable lead positions 


Cc Seating plane coplanarity 


9 


oak, 


Controlling parameter: mm. 


2. All packages are gull wing lead form. 

3. "D" and "E" are reference datums and do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed .015mm .006 package ends and .010" on sides. 

4. A.25mm visual index feature must be located within the shaded area to indicate pin 1 position. 

5. Terminal numbers are shown for reference. 
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Packaging Diagrams and Parameters 





Package Type: 20-Lead Plastic Surface Mount (SSOP - 209 mil Body 5.30 mm) 


Package Group: Plastic SSOP 


Millimeters 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount (SSOP - 209 mil Body 5.30 mm) 


Package Group: Plastic SSOP 


Millimeters 
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Packaging Diagrams and Parameters 





Plastic Thin Small Outline and Very Small Outline Families (TSOP, VSOP) 










Symbol List for Thin Small Outline Package Parameters 


> ane nee 
[A [Distance betwoen seating plane highest pontofbody 
[At [stance betwoen seating plane andbase plane SSS 
8 [Widheftemings ——SCSCS~—CSCSCSCS 
[6 [iekness ofteminats——SSSCSC~—“—SSSCSCSCSCSS 
[8 [ares vr pastan rer tingh 
= 
[efi 
7 
— 
1 
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Total number of potentially usable lead positions 

Seating plane coplanarity 2 

1. Controlling parameter: inches. 

2. All packages are gull wing lead form. 

3. "“D" and "E" are reference datums and do not include mold flash or protrusions. Mold flash or protrusions shall not 
exceed .005 per side. 


4. Avvisual index feature must be located within the crosshatched area to indicate pin 1 position. 
5. Terminal numbers are shown for reference. 





ee 
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Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount (TSOP 8 x 20 mm) 
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Package Group: Plastic TSOP (TS) 







| [=| Reference [0020 | - | Reference | 
| H | 19.810 20.190 | | 780 079 | 


0.410 o6i0 | | 016 0024 | 
er ae eee | OE SE Bee er ee 
ONO 00 











© 1995 Microchip Technology Inc. DS00049F-page 8-75 





S 


MICROCHIP 





Packaging Diagrams and Parameters 





Package Type: 28-Lead Plastic Surface Mount (VSOP 8x 13.4 mm)) 
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Packaging Diagrams and Parameters 





Plastic Metric Quad Flatpack Family (MQFP) 









Symbol List for Metric Plastic Quad Flatpack Package Parameters 





Description of Parameters 





Angular spacing between min. and max. lead positions measured at the gauge plane 





Distance between seating plane to highest point of body 
A1 
A2 


Distance between seating plane and base plane 





Distance from base plane to highest point of body 
Width of terminals 


C Thickness of terminals 












D 


: 
Notes: 


1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 






/E 
L 
p 





2. Datum plane [ -H- lis located at bottom of mold parting line and coincident with bottom of lead, where lead exits 
body. 


3. Datums [A-B Jand -D- | to be determined at datum pland -H- |. 
To be determined at seating plan -C- |. 


/\ Dimension D1 and E1 do not include mold protrusion. Allowable mold protrusion is 0.25mm per side. Dimen- 
sions D1 and E1 do not include mold mismatch and are determined at datum pland -H- |. 


/\ Details of pin 1 identifier are optional but must be located within the zone indicated. 
These dimensions to be determined at datum plan 
8. All dimensions are in millimeters. 


Dimension b does not include Dambar protrusion. Allowable Dambar protrusion shall be 0.08mm total in excess 
of the b dimension at maximum material condition. Dambar cannot be located on the lower radius or the lead 
foot. 


Exact shape of this feature is optional. 
11. Nis the number of leads. 
12. Controlling parameter: millimeters. 
13. All packages are gull wing lead form. 
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Packaging Diagrams and Parameters 





Package Type: 44-Lead Plastic Surface Mount (MQFP 10x10 mm Body 1.6/0.15 mm Lead Form)) 
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Devices in Die/Wafer Form - Non-Volatile Memory 





INTRODUCTION 

Microchip Technology Inc’s_ non-volatile memory 
devices are available in wafer form and in die form. All 
products sold as die or wafers have been characterized 
and qualified according to the requirements of 
Microchip Technology Inc. Specifications SP1-41014, 
“Characterization and Qualification of Integrated Cir- 
cuits’, and QCI-39000, “Worldwide Quality Conform- 
ance Requirements”. 


PRODUCT INTEGRITY 


Product supplied in die or wafer form will be 100 per- 
cent visually inspected to the criteria defined in 
Microchip Technology Inc. Specification, QCI-30014, 
“Standard Visual Inspection Procedure of Dice Prior to 
Assembly for Commercial Products” 


Die/Wafer thickness is 18 mils or 21 mils depending on 
product. 
Wafers at reduced thicknesses are also available. 


AUTION 


Some EEPROM products use EEPROM cells for 
device configuration. Exposure to ultra-violet light or 
x-rays must be avoided. Exposure to ultra-violet light or 
x-rays may cause the device to operate improperly. 


These products are susceptible to damage from elec- 
tro-static discharge. Extreme care is urged in the han- 
dling and assembly of these products. 


BONDABILITY OF DIE TO 
SUBSTRATE 


Dice are capable of bonding either by using a gold 
eutectic bond to a gold plated pedestal containing 60 
micro-inches of gold, or by using an electrically conduc- 
tive adhesive (e.g. epoxy) to any substrate. 


BONDABILITY OF WIRES TO DIE 


Dice shall be capable of thermosonic gold or ultrasonic 
wire bonding such that the minimum conditions of 
MIL-STD 883, Method 2011 on “Bond Strength 
(Destructive Bond pull Test)” are met. 


PAD METALLIZATION 


Pad metallization is silicon doped aluminum. 


BACK SIDE PREPARATION 


Die and wafer back sides are backlapped and are with- 
out any gold coating. 


ELECTRICAL 


Dice are guaranteed to fully meet data sheet specifica- 
tions at the commercial temperature range of O°C to 
70°C. 


The die back side is grounded through contacts internal 
to the part. Thus, it is permitted to float the die mounting 
surface. It is recommended that the die mounting sur- 
face be grounded in multi-chip assemblies. 


PACKAGING 


Die shipped by Microchip Technology Inc. are placed in 
a “waffle pack” with sufficient cavity area to restrain the 
die while maintaining their orientation. Lint free paper 
inserts are placed over the waffle packs and each pack 
is secured with a plastic locking clip. Groups of waffle 
packs are assembled into sets for shipment. A label 
with lot number, quantity, part number and packing date 
is placed on each waffle pack. 


Wafers shipped by Microchip Technology Inc. are sep- 
arated by lint free paper and dry packed in a shipping 
container of appropriate size which is labeled with lot 
number, quantity, part number and packing date. 
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DIE/WAFER PRODUCT OFFERING 


All Microchip Technology Inc.'s serial EEPROMs, paral- 
lel EEPROMs and EPROMS are available in die or 
wafer form in the commercial temperature range of °C’ 
to 70°C. Part number suffixes of /s and /w are used to | 
designate devices in die and wafer form, respectively. 


FIGURE 1: EEPROMTEST FLOW . 


Untested Wafers 


TEST FLOW 


All Microchip Technology Inc.'s die products are sub- 
jected to functional and parametric testing at the wafer 
level. The typical’: EEPROM ‘test flow is. shown in 
Figured. . i 4 


70°C Electrical and 


Functional Test 


Retention Bake 
'  § hours @ 250°C | 


25°C Electrical and 


_ Functional Test 
(Bad Die Inked) 


~~ SawandClean Die 
_ (N/AforWafer Sales) 


- Optical Inspection 
| (100% Visual per QCI-30014) 


Waffle or Wafer Pack 


Finished Goods Inventory 








Die/Wafer Shipment 
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SECTION 9 
OFFICE LOCATIONS 


Factory Representatives 
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AFRICA 


AMDS 

P.O. Box 58208 
Newville 2114 

Republic of South Africa 
Tel: 27/11-6732141 
Fax: 27/11-6736024 


ASIA/PACIFIC 


Hong Kong 


Microchip Technology Inc. 
Unit No. 3002-3004, Tower 1 
Metroplaza 

223 Hing Fong Road 

Kwai Fong, N.T. Hong Kong 
Tel: 8522401 1200 

Fax: 852 2 401 3431 


Japan 


Microchip Technology Intl. Inc. 
Benex S-1 6F 

3-18-20, Shin Yokohama 
Kohoku-Ku, Yokohama 
Kanagawa 222 Japan 

Tel: 8145471 6166 

Fax: 81 45 471 6122 


Korea 


Microchip Technology Korea 
168-1, Youngbo Bidg. 3 Floor 
Samsung-Dong, Kangnam-Ku, 
Seoul, Korea 

Tel: 822554 7200 

Fax: 822558 5934 


Singapore 


Microchip Technology Inc. 
200 Middle Road 

#10-03 Prime Centre 
Singapore 0718 

Tel (mobile): 65 634 2305 


Taiwan 


Microchip Technology Taiwan 
10F-1C 207 

Tung Hua North Road 
Taipei, Taiwan, ROC 

Tel: 8862717 7175 

Fax: 886 2 545 0139 


CANADA 


Alberta 


Enerlec Sales Ltd. 

#103 155 Glendeer Circle S.E. 
Calgary, Alberta T2H 2S8 Canada 
Tel: 403-777-1550 

Fax: 403-777-1553 


British Columbia 


Enerlec Sales Ltd. 

#7 3671 Viking Way 

Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 

Fax: 604-273-0884 


Manitoba 


Enerlec Sales Ltd. 

#7 3671 Viking Way 

Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 

Fax: 604-273-0884 


New Brunswick 


Dynasty Components, Inc. 

1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 

Fax: 613-596-9886 


Newfoundiand 


Dynasty Components, Inc. 

1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 

Fax: 613-596-9886 


Factory Representatives 


Ontario 


Dynasty Components, Inc. 

1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 

Fax: 613-596-9886 


Prince Edward Island 


Dynasty Components, Inc. 

1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 

Fax: 613-596-9886 


Quebec 


Dynasty Components, Inc. 

1140 Morrison Drive, Unit 110 
Ottawa, Ontario K2H 8S9 Canada 
Tel: 613-596-9800 

Fax: 613-596-9886 


Saskatchewan 


Enerlec Sales Ltd. 

#7 3671 Viking Way 

Richmond, B.C. V6V 1W1 Canada 
Tel: 604-273-0882 

Fax: 604-273-0884 
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Factory Representatives 





EUROPE 


Finland 


Memec Finland . . 
Asemankello 
Vernissankatu 6 

Fin 01300 Vantaa 
Finland 

Tel: 358-07001-9830 
Fax: 358-07001-9839 


Germany 


Active Rep GmbH 
Beningastr. 24 

D-26721 Emden | 
Germany | | 
Tel: 49/4921-979071 
Fax: 49/4921-979072 


Active Rep GmbH 
Blumental 1-3 
D-42653 Solingen 
Germany 

Tel: 49/212-25823-0 


Fax: 49/212--282323 


Active Rep GmbH 

Kennedy-StraBe 5 
D-75438 Knittlingen 
Germany ” 
Tel: 49/7043-33276 
Fax: 49/7043-33492 


Active Rep GmbH 
Reichenaustr. 18 
D-81234 Muenchen 
Germany 

Tel: 49/89-89689181 
Fax: 49/89-89689183 


ireland MEXICO 


Eltech Agencies, Ltd. 
27 Maccurtain Street 
Cork Ireland | 


ComptTech de Mexico 
Av. Morelos Sur 882: 

: eos Col. Centro a 
aes is Cuernavaca, Morelos CP62000 
he: ee Tel: 5273122733 
israel is Fax: 52 73126368 


Elina Electronics Ltd. 

14 Raoul Wallenberg St. 
P.O. Box 13190 

Tel Aviv 61131 Israel 
Tel: 97234985 43 
Fax: 9723 49 87 45 


Netherlands 


Sonetech 

P.O. Box 258 

5670 AG Nuenen 
Netherlands 

Tel: 31-40-837075 
Fax: 31-40-832300. 


Scotland 


Juniper Solutions 

Unit NR8, Newhouse Business Park 
NewHouse Road 

Grangemouth FK3 8LL 

Scotland we 

Tel: 44-1324-666990 

Fax: 44-1324-666980 


Sweden 


Memec Scandinavia AB 
Kvarnholmsvagen 52 
131 31 Nacka 

Sweden 

Tel: 46-8643-4190 | 
Fax: 46-8643-1195 . 


Turkey 


Inter Muehendislik Danismanlik 
Ve TicaretA.S.1 | | ‘: 
Hasircbasi Caddesi No. 55 

81310 Kadikoy | 

Istanbul 

Turkey 

Tel: 90216 349 94 00 

Fax: 90216 349 94 31 
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SOUTH AMERICA 


Argentina 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Bolivia 

Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Brazil 


Aplicacoes Eletronicas 
Artimar Ltda. 


Rua Marques de Itu N°. 70-10And. 


CEP 01223 

Sao Paulo, Brazil 

Tel: 55-11-231-0277 
Fax: 55-11-255-0511 
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Factory Representatives 


Caribbean 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Chile 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Columbia 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Ecuador 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Paraguay 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Peru 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Uruguay 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Venezuela 


lbars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 





Factory Representatives 





UNITED STATES 


Alaska 


Trinity Technologies 

1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 


Alabama 


Concord Component Reps Inc. 
190 Lime Quarry Road, Suite 102 
Madison, AL 35758 

Tel: 205-772-8883 

Fax: 205-772-8262 


Arizona 


Western High Tech Marketing, Inc. 


9414 E. San Salvador, Suite 206 
Scottsdale, AZ 85258 

Tel: 602-860-2702 

Fax: 602-860-2712 


Arkansas 


Comptech Sales, Inc. 
2401 Gateway Drive 
Suite 114 

Irving, TX 75063 
Tel: 214-751-1181 
Fax: 214-550-8113 


California 
Costa Mesa 


Competitive Technology, Inc. 
200 Baker Street, Suite 101 
Costa Mesa, CA 92626 

Tel: 714-540-5501 

Fax: 714-540-5171 


Escondido 


Eagle Technical Sales Assoc. Inc. 
1900 Sunset Drive, Suite A 
Escondido, CA 92025 

Tel: 619-743-6550 

Tel: 619-743-6585 


Sunnyvale 


Trinity Technologies 

1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 


Colorado 


Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 

Fax: 303-426-8585 


Connecticut 
Gilford 


S-J Associates, Inc. 

10 Copper Ridge Circle 
Gilford, CT 06437 

Tel: 203-458-7558 
Fax: 203-458-1181 


Naugatuck 


S-J Associates, Inc. 
15 Coventry Lane 
Naugatuck, CT 06770 
Tel: 203-723-4707 
Fax: 202-723-1629 


Delaware 


S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 

Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 


District of Columbia 


S-J Chesapeake 

900 S. Washington Street 
Suite 307 

Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 


Florida 
Altamonte Springs 


Electramark Florida, Inc. 

401 Whooping Loop, Suite 1565 
Altamonte Springs, FL 32701 
Tel: 407-830-0844 

Fax: 407-830-0847 


Boca Raton 


Electramark Florida, Inc. 

621 NW 53rd Street, Suite 240 
Boca Raton, FL 33487 

Tel: 407-998-8820 

Fax: 407-998-8821 


Tampa 


Electramark Florida, Inc. 
2910 W. Waters Ave. 
Tampa, FL 33614 

Tel: 813-915-1177 
Fax: 813-915-1188 


Georgia 


Concord Component Reps Inc. 
6825 Jimmy Carter Boulevard 
Norcross, GA 30071 

Tel: 404-416-9597 

Fax:. 404-441-0790 


Hawaii 


Trinity Technologies 

1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 


idaho 


Micro Sales 

2122 - 112th Ave. N.E. 
Bellevue, WA 98004 
Tel: 206-451-0568 
Fax: 206-453-0092 


illinois 


Janus Incorporated 
650 E. Devon Avenue 
Itasca, IL 60143 

Tel: 708-250-9650 
Fax: 708-250-8761 


Indiana 
Fort Wayne 


Electro Reps, Inc. 

125 Airport North Office Park 
Fort Wayne, IN 46825 

Tel: 219-489-8205 

Fax: 219-489-8408 


Indianapolis 


Electro Reps, Inc. 

7240 Shadeland Station, Suite 275 
Indianapolis, IN 46256 

Tel: 317-842-7202 

Fax: 317-841-0230 


lowa 


Spectrum Sales 

1364 Elmhurst Drive NE 
Cedar Rapids, IA 52402 
Tel: 319-366-0576 
Fax: 319-366-0635 


Kansas 


Spectrum Sales 

5382 W. 95th Street 

Prairie Village, KS 66207 
Tel: 913-648-6811 

Fax: 913-648-6823 
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Factory Representatives 





Kentucky 
Northern 


Technology Marketing Corporation 
9200 Montgomery Road 

Suite 11A 

Cincinnati, OH 45242 

Tel: 513-984-6720 

Fax: 513-984-6874 


Southern 


Electro Reps, Inc. 

7240 Shadeland Station, Suite 275 
Indianapolis, IN 46256 

Tel: 317-842-7202 

Fax: 317-841-0230 


Louisiana 


Comptech Sales, Inc. 
10550 Richmond Avenue 
Suite 105 

Houston, TX 77042 

Tel: 713-781-7420 
Fax: 713-781-5865 


Maine 


S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 


Maryland 


S-J Chesapeake 

900 S. Washington Street 
Suite 307 

Fails Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 


Massachusetts 


S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 


Michigan 
Farmington Hills 


J. L. Montgomery Associates, Inc. 
34405 West 12 Mile Road, Suite 149 
P.O. Box 2726 

Farmington Hills, Ml 48333-2726 
Tel: 810-489-0099 

Fax: 810-489-0189 


Grand Rapids 


J. L. Montgomery Associates, Inc. 
2215 Oak Industrial Drive NE 
Grand Rapids, MI 49505 

Tel: 616-458-5490 

Fax: 616-458-5709 


Minnesota 


Comprehensive Technical Sales Inc. 
6513 City West Parkway 

Eden Prairie, MN 55344 

Tel: 612-941-7181 

Fax: 612-941-4322 


Mississippi 

Concord Component Reps Inc. 
190 Lime Quarry Road, Suite 102 
Madison, AL 35758 


Tel: 205-772-8883 
Fax: 205-772-8262 


Missouri 


Spectrum Sales 

5494 Brown Road, Suite 124 
St. Louis, MO 63042 

Tel: 314-731-4477 

Fax: 314-731-1332 


Montana 


Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 

Fax: 303-426-8585 


Nebraska 


Spectrum Sales 

5382 W. 95th Street 

Prairie Village, KS 66207 
Tel: 913-648-6811 

Fax: 913-648-6823 


Nevada 
Northern 


Trinity Technologies 

1261 Oakmead Parkway 
Sunnyvale, CA 94086 
Tel: 408-733-9000 
Fax: 408-733-9970 


Southern 


Western High Tech Marketing, Inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ 85258 

Tel: 602-860-2702 

Fax: 602-860-2712 


New Hampshire 


S-J New England, Inc. 
44 Mall Road 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 


New Jersey 
Northern 


Parallax 

734 Walt Whitman Road 
Melville, NY 11747 
Tel: 516-351-1000 
Fax: 516-351-1606 


Southern 


S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 

Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 


New Mexico 


Western High Tech Marketing, inc. 
9414 E. San Salvador, Suite 206 
Scottsdale, AZ 85258 

Tel: 602-860-2702 

Fax: 602-860-2712 


New York 
Melville 


Parallax 

734 Walt Whitman Road 
Melville, NY 11747 
Tel: 516-351-1000 
Fax: 516-351-1606 


Rochester 


Apex Associates, Inc. 
1210 Jefferson Road 
Rochester, NY 14623 
Tel: 716-272-7040 
Fax: 716-272-7756 


North Carolina 


Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 


North Dakota 


Comprehensive Technical Sales Inc. 
6513 City West Parkway 

Eden Prairie, MN 55344 

Tel: 612-941-7181 

Fax: 612-941-4322 


SSE TL I BE ES IS ECE SS SS ESS ESET CEES EAE EEE SLT TL IOP TE I RPE LOE EOS TEL VE EIN IE ST ESR RES TEDL EID, 


© 1995 Microchip Technology Inc. 


DSO0056I-page 9-5 





Factory Representatives 





Ohio 
Cincinnati 


Technology Marketing Corporation 
9200 Montgomery Road, Suite 11A 
Cincinnati, OH 45242 

Tel: 513-984-6720 

Fax: 513-984-6874 


Middleburg Heights 


Technology Marketing Corporation 
7017 Pearl Road 

Middleburg Heights, OH 44130 
Tel: 216-885-5544 

Fax: 216-885-5011 


Oklahoma 


CompTech Sales, Inc. 
18700 Woodbriar Lane 
Catoosa, OK 74015 
Tel: 918-266-1966 
Fax: 918-266-1808 


Oregon 


Micro Sales 

1865 N.W. 169th Pl. #210 
Beaverton, OR 97006 
Tel: 503-645-2841 
Fax: 503-645-3754 


Pennsylvania 
Eastern 


S-J Mid-Atlantic, Inc. 
131-D Gaither Drive 

Mt. Laurel, NJ 08054 
Tel: 609-866-1234 
Fax: 609-866-8627 


Western 


Technology Marketing Corporation 
9200 Montgomery Road, Suite 11A 
Cincinnati, OH 45242 

Tel: 513-984-6720 — 

Fax: 513-984-6874 | 


Rhode Island 


S-J New England, Inc. 
44 Mall Road nes 
Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 


South Carolina 


Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 


South Dakota 


Comprehensive Technical Sales Inc. 
6513 City West Parkway 

Eden Prairie, MN 55344 

Tel: 612-941-7181 

Fax: 612-941-4322 


Tennessee 
Eastern 


Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919-782-8433 
Fax: 919-782-8476 


Western 


Concord Component Reps Inc. 
6825 Jimmy Carter Boulevard 
Norcross, GA 30071 

Tel: 404-416-9597 

Fax: 404-441-0790 


Texas 
Austin 


Comptech Sales, Inc. 

11130 Jollyville Road, Suite 200 
Austin, TX 78759 

Tel: 512-343-0300 

Fax: 512-345-2530 


Brownsville 


Comptech Sales, Inc. 
2390 Central Bivd., Suite P 
Brownsville, TX 78520 
Tel: 210-504-9693 

Fax: 210-504-9982 


El Paso 


CompTech Sales, Inc. 
3120 Wheeling Rd. 

El Paso, TX 79930 
Tel: 915-566-1022 
Fax: 915-566-1030 


Houston 


Comptech Sales, Inc. 
10550 Richmond Avenue 
Suite 105 

Houston, TX 77042 

Tel: 713-781-7420 
Fax: 713-781-5865 


Irving 


Comptech Sales, Inc. 
2401 Gateway Drive 
Suite 114 
Irving, TX 75063 
Tel: 214-751-1181 
Fax: 214-550-8113 


Utah 


Western Region Marketing 
3539 South Main, Suite 210 
Salt Lake City, UT 84115 
Tel: 801-268-9768 

Fax: 801-268-9796 


Vermont 


S-J New England, Inc. 
44 Mall Road 

Burlington, MA 01803 
Tel: 617-272-5552 
Fax: 617-272-5515 
Virginia 

S-J Chesapeake 

900 S. Washington Street 
Suite 307 

Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 


Washington 


Micro Sales 

2122 - 112th Ave. N.E. 
Bellevue, WA 98004 
Tel: 206-451-0568 
Fax: 206-453-0092 


West Virginia | 


S-J Chesapeake 

900 S. Washington Street 
Suite 307 

Falls Church, VA 22046 
Tel: 703-533-2233 
Fax: 703-533-2236 


Wisconsin 


Janus Incorporated 
375 Williamstowne 
Delafield, W! 53018 . 
Tel: 414-646-5420 © 
Fax: 414-646-2421 


Wyoming 


Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303-428-8088 

Fax: 303-426-8585 
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Distributors 
AFRICA Hong Kong Japan (continued) 
South Africa Goldenchip Research Nippon Precision Device Corp. 


Pace Electronic Components Ltd. 
Cnr. Vanacht & Gewel Streets 
P.O. Box 701 

Isando 1600, Transvaal 

Republic of South Africa 

Tel: 27/11-9741211 

Fax: 27/11-9741271 


ASIA/PACIFIC 


Australia 


Har-Tec Australia 

205 Middleborough Road 

Box Hill, Victoria Australia 3128 
Tel: 61-3-890-0970 

Fax: 61-3-899-5191 


China 


Wuhan Liyuan 

107-2 Luo Yu Road 
Wuhan 430070 

Peoples Republic of China 
Tel: 86-27-7802986 
Fax: 86-27-7802985 


Fuzhou Dingxu 

3/F, No3 Building 

Chang Ting Industrial Area 
Xianjin Rd 

Fuzhou 

Peoples Republic of China 
Tel: 86-591-372-9174 
Fax: 86-591-371-7704 


Goldenchip Electronics 
7/F, 275 Wushi Road 
Fuzhou 

Peoples Republic of China 
Tel: 86-591-784-4159 
Fax: 86-591-784-4160 
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11/F, 1116-7 Kwai on Fty Bldg 
103 Tai Lin Pai Road 

Kwai Chung, N.T. Hong Kong 
Tel: 852-2426-3968 

Fax: 852-2481-7403 


Infinitron 

Rm 802, 8/F Kinox Centre 
9 Hung To Rd, Kwun Tong 
Kowloon 

Hong Kong 

Tel: 852-2341-6611 
Fax: 852-2950-0987 


Excelpoint Systems 

Rm. 2108, Fortress Tower 
250 King’s Road 

North Point 

Hong Kong 

Tel: 852-2503-2212 
Fax: 852-2503-1558 


india 


Excelpoint Systems 

11/1 &111/2 Dickenson Road 
Bangalore 560042 India 
Tel: 91-80-5586719 

Fax: 91-80-5586606 


Japan 


Dianichi Contronics Inc. 

Dainichi Bldg. 1-7 Karaku-Chrome, 
Bunkyo-Ku 

Tokyo 112, Japan 

Tel: 81-3-818-8081 

Fax: 81-3-3818-8088 


Marubeni Hytech Co., Ltd. 
Marubeni Hytech Building 
4-20-22, Koishikawa 
Bunkyo-Ku 

Tokyo 112 Japan 

Tel:  81-3-3817-4921 
Fax: 81-3-3817-4880 


Nichibei Time 24 Bidg. 

35 Tansu-Cho, Shinjuku-Ku 
Tokyo 162 Japan 

Tel: 81-3-3260-1411 
Fax: 81-3-3260-7100 


Ryoden Trading Co. 
3-15-15, Higashi Ikebukuro 
Toshima-Ku 

Tokyo 170 Japan 

Tel: 81-3-5396-6197 
Fax: 81-3-5396-6443 


Unidux 

5-1-21, Kyonan-cho 
Musashino-shi 

Tokyo 180 Japan 

Tel:  81-422-32-4111 
Fax: 81-422-31-2050 


Korea 


ProCHIPS Inc. 

779-12, Daelim 3-Dong 
Youngdeungpo-Ku, 
Seoul, Korea 

Tel: 822-849-8567 
Fax: 822-849-8659 


New Zealand 


Har-Tec NZ Limited 

50 O'Rourke Road 

P.O. Box 12055 

Penrose, Aukland New Zealand 
Tel: 64-9-525-1096 

Fax: 64-9-525-1097 
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ASIA/PACIFIC (continued) 
Singapore 


Gates Engineering 
5611 North Bridge Road =~ 
#06-01 Eng Cheong Tower 
Singapore 0719 

Tel:. 65-299-9937 

Fax: 65-299-7636 


Excelpoint Systems 

12 Tannery Lane #06-01/02 
Beam Building 

Singapore 1334 

Tel: 65-741-8980 

Fax: 65-741-8980 


Taiwan, R.O.C. 


Solomon Technology Corp. 
5th Floor, No. 293, Sec. 5 
Chung Hsiao E.Rd. 
Taipei, Taiwan, R.O.C. 

Tel: 886-02-788-8989 
Fax: 866-02-788-8029 


Pinnacle Technologies Co. Ltd. 
4F, No. 270, Sec. 3 

Nan-Kang Road 

Taipei, Taiwan, R.O.C. 

Tel: 02788 4800 

Fax: 02 788 5969 


CANADA 


Vancouver, British Columbia 


Farnell Electronic Services 
8525 Baxter Place, Unit 101 
Production Court 

Burnaby, B.C. V5A 4V7 
Canada : 

Tel: 604-421-6222 

Fax: 604-421-0582 


Semad Electronics 

3700 Gilmore Way, #212 . 
Burnaby, B.C. V5G 4M1 
Canada 

Tel: 604-451-3444 

Fax: 604-451-3445 


Pioneer/Zentronics 

4455 No. 6 Road 
Richmond, B.C. V6V 1P8 
Canada 

Tel: 604-273-5575 
Fax: 604-273-2413 


Future Electronics 

1695 Boundary Road | 
Vancouver, B.C. VSK 4X7 
Canada 

Tel: 604-294-1166 
Fax: 604-294-1206 


Calgary, Alberta ; 


- Farnell Electronic Services 


3015 - 5th Ave. NE 

Suite 210 —_ 
Calgary, Alberta T2A 6T8 
Canada 

Tel: 403-273-2780 
Fax: 403-273-7458 


Future Electronics 

2015 32nd Ave. N.E., Unit 1 
Calgary, Alberta T2E 6Z3 
Canada 

Tel: 403-250-5550 

Fax: 403-291-7054 


Pioneer/Zentronics 

#560, 1212-31st Avenue N.E. 
Calgary, Alberta T2E 7S8 
Canada | 

Tel: 403-291-1988 

Fax: 403-291-0740 


Semad Electronics 

6815 8th St. N.E. 

Suite 175 , 
Calgary, Alberta T2E 7H7 
Canada 

Tel: 403-252-5664 

Fax: 800-565-9779 
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Edmonton, Alberta 


Future Electronics 
4606-97th Street 

Edmonton, Alberta T6E 5NG 
Canada 

Tel: 403-438-2858 

Fax: 403-434-0812 


Pioneer/Zentronics 

Plaza 124 #708 

10216-124 Street 
Edmonton, Alberta T5N 4A3 
Canada ; 

Tel: 403-482-3038 

Fax: 403-482-1336 


London, Ontario 


Pioneer/Zentronics 

148 York Street, Suite 209 
London N6A 1A9 

Canada 

Tel: 519-672-4666 

Fax: 519-672-3528 


Toronto, Ontario 


Farnell Electronic Services 
300 N. Rivermede Road 
Concord, Ontario L4K 224 
Canada 

Tel: 416-798-4884 

Fax: 416-798-4889 


Semad Electronics 

85 Spy Court 

Markham, Ontario L3R 424 
Canada 

Tel: 416-475-3922 

Fax: 416-475-4158 


Future Electronics 

5935 Airport Road, Suite 200 
Mississauga, Ontario L4V 1W5 
Canada 

Tel: 905-612-9200 

Fax: 905-612-9185 


Pioneer/Zentronics 

3415 American Drive 
Mississauga, Ontario L4V 1T4 
Canada 

Tel: 905-405-8300 

Fax: 905-405-6423 


Ottawa, Ontario 


Farnell Electronic Services 

39 Robertson Road, Suite 506 
Bell Mews 

Nepean, Ontario K2H 8R2 
Canada 

Tel: 613-596-6980 

Fax: 613-596-6987 


Pioneer/Zentronics 

223 Colonnade Road, Suite 112 
Nepean, Ontario K2E 7K3 
Canada 

Tel: 613-226-8840 

Fax: 613-226-6352 


Future Electronics 

1050 Baxter Road 
Ottawa, Ontario K2C 3P2 
Canada 

Tel: 613-820-8313 
Fax: 613-820-3271 


Semad Electronics 

2781 Lancaster 

Suite 302 

Ottawa, Ontario K1B 1A7 
Canada 

Tel: 613-526-4866 
Fax: 613-523-4372 


Montreal, Quebec 


Farnell Electronic Services 
6600 Trans Canada Highway 
Suite 620 

Pointe Clare, Quebec H9R 4S2 
Canada 

Tel: 514-697-8149 

Fax: 514-697-1210 


Future Electronics/Branch 

237 Hymus Boulevard 

Pointe Claire, Quebec H9R 5C7 
Canada 

Tel: 514-694-7710 

Fax: 514-695-3707 


Semad Electronics 

243 Place Frontenac 

Pointe Clare, Quebec HOR 427 
Canada 

Tel: 514-694-0860 

Fax: 514-694-0965 


Pioneer/Zentronics 

520 McCaffrey Street 

Ville St. Laurent, Quebec H4T 1N1 
Canada 

Tel: 514-737-9700 

Fax: 514-737-5212 


Quebec City, Quebec 


Future Electronics 

1000 Ave. St. Jean Baptiste 
Suite 100 

Quebec G2E 5G5 

Canada 

Tel: 418-877-6666 

Fax: 418-877-6671 


Pioneer/Zentronics 

2954 Blvd. Laurier 

Suite 100 

Ste-Foy, Quebec G1V 4T2 
Canada 

Tel: 418-654-1077 

Fax: 418-654-2958 


Winnipeg, Manitoba 


Pioneer/Zentronics 

540 Marjorie Street 

Winnipeg, Manitoba R3H 0S9 
Canada 

Tel: 204-989-1957 

Fax: 204-633-9255 


Future Electronics 

106 King Edward | 
Winnipeg, Manitoba R3H ON8 
Canada 

Tel: 204-944-1446 

Fax: 204-783-8133 


Farnell Electronic Services 
Unit 250, 1625 Dublin Ave. 
Winnipeg, Manitoba R3H OW3 
Canada 

Tel: 204-786-2589 

Fax: 204-786-2637 
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EUROPE 


Austria 


Elbatex GmbH 
Eitnergasse 6 

A-1230 Wien 

Austria 

Tel: 43/1-86642-0 
Fax: 43/1-86642-201 


Belgium, Netherlands 


Sonetech 

P.O. Box 258 

5670 AG Nuenen 
Netherlands | 
Tel: 31-40-837075 
Fax: 31-40-832300 


Memec Benelux 

Rue 1200 Bruxelles 

Saint Lambert 135 
Belgium 

Tel: 010-32-2778-9850 
Fax: 010-32-2778-9858 


Denmark 


Arrow Exatec 
Mileparken 20E 
2740 Skoviund 
Denmark 

Tel: 45-44-927000 
Fax: 45-44-926020 


England 


Polar Electronics PLC 
Cherrycourt Way 

Leighton Buzzard | 
Bedfordshire LU7 8YY England 
Tel: 44-1525-377093 

Fax: 44-1525-378367 


Farnell Multi 

346 Edinburgh Avenue 
Slough | 

Berkshire SL1 4TU England 
Tel:  44-1753-84212 

Fax: 44-1753-824160 


Future Electronics Ltd. 
Future House 

Poyle Road, Colnbrook 
Berkshire SL3 OEZ England 
Tel: 44-1753-763000 

Fax: 44-1753-689100 


Eiger Technologies 

14 Howard Court 

Manor Park Avenue 

Manor Park Runcorn 
Cheshire WA7 1SJ_ England 
Tel: 44-1928-579009 

Fax: 44-1928-579123 


Hawke Components Ltd. 

26 Campbell Court 

Bramley NR.Bassingstoke 
Hantshire RG26 5EG England 
Tel: 44-1258-880800 

Fax: 44-1256-880325 


H.B. Electronics Ltd. 

Lever Street 

Bolton 

Lancshire BL3 6BJ England 
Tel:  44-1204-525544 

Fax: 44-1204-384911 


Finland 


Memec Finland 
Asemankello. 
Vernissankatu 6 | 

Fin 01300 Vantaa 
Finland 

Tel: 358-07001-9830 
Fax: 358-07001-9839 


France 


Mecodis 

Parc d'Activites 

3 Allee des Erables 
94042 CRETEIL Cedex 
France 

Tel: 3314399 4400 
Fax: 33 1439998 28 


Farnell Electronic Services 
BP 69 Saint Aubin 

91192 GIF Sur Yvette Cedex 
France 

Tel: 33169 85 8300 

Fax: 33 169 85 83 99 


Scaib SA 

6 rue Ambroise Croizat 
ZI des Glaises - BP 58 
91122 Palaiseau Cedex 
France 

Tel: 33169198900 
Fax: 33169 19 89 20 
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Germany 


Rutronik RSC-Halbleiter GmbH 
Industriestr. 2 

D-75228 Ispringen 

Germany 

Tel: 49/7231-801-0 

Fax: 49/7231-82282 


Future Electronics Deutschland GmbH 
Muenchner Str. 18. 

D-85774 Unterfoehring 

Germany 

Tel: 49/89-95727-0 

Fax: 49/89-95727-140 


Semitron W. Roeck GmbH 
Im Gut 1 

D-79790 Kuessaberg 
Germany 

Tel: 49/7742-8001-0 
Fax: 49/7742-6901 


Avnet E2000 GmbH 
Stahlgruberring 12 
D-81829 Muenchen 
Germany 

Tel: 49/89-4 5110-01 
Fax: 49/89-4 5110-210 


Metronik GmbH 
Leonhardsweg 2 
D-82008 Unterhaching 
Germany 

Tel: 49/89-61108-0 
Fax: 49/89-61108-155 


Greece 


P. Caritato & Associates S.A. 
lia lliou 31 

Athens 11743 

Greece 

Tel: 30190201 15 

Fax: 301901 70 24 


Hungary 


Humansoft Ltd. 
Angol u. 24/b 
H-1149 Budapest 
Hungary 

Tel: 36/1162-2879 
Fax: 936/1251-3673 


Israel 


Elina Electronics Ltd. 

14 Raoul Wallenberg St. 
P.O. Box 13190 

Tel Aviv 61131 Israel 
Tel: 972349 85 43 
Fax: 9723 49 87 45 


Italy 


Eurelettronica Srl 
Viale E. Fermi 8 
20090 Assago Milano 
Italy 

Tel: 939-2-457841 
Fax: 39-2-4880275 


Farnell Spa 

Viale Milanofiori E/5 
20090 Assago Milano 
Italy 

Tel: 39-2-824701 
Fax: 39-2-82470278 


Kevin 

Via del Gradenigo, 3 
20148 Milano 

Italy 

Tel: 39-2-48706300 
Fax: 39-2-48706500 


Norway 


Berendsen 

P.O. Box 9376 Gronlund - 
NO135 

Oslo Norway 

Tel: 47-22-677290 
Fax: 47-22-677380 


Portugal 


Digicontrole 

Dpt Comercial 

Aven. Eng Arantes E. Oliveira 52d 
1900 LISBOA 

Portugal 

Tel: 35118057 30 

Fax: 35 118490373 


Russia 


Gamma Ltd. 

Grazdanski PR-T 

111 KOM 427, 429 
Elektronmash Building 
R-195265 St. Petersburg 
Russia | 
Tel: 7/812-5311-180 
Fax: 7/812-5311-402 


Spain 


Sagitron | 

Corazon de Maria 80/82 
28002 Madrid 

Spain 

Tel: +34 14169261 
Fax: +341 415 86 52 


Sweden 


Memec Scandinavia AB 
Kvarnholmsvagen 52 

131 31 Nacka 

Sweden 

Tel: 011-46-8643-4190 
Fax: 011-46-8643-1195 


Switzerland 


Elbatex Gruppe AG 
Hardstr. 72 

CH-5430 Wettingen 
Switzerland 

Tel: 41/56-275100 
Fax: 41/56-275454 


Semitron W:Roeck & Co. 
Promenadenstr.6 
CH-8047 Zuerich 
Switzerland 

Tel:  41/56-493383 
Fax: 41/56-493569 


Avnet E2000 AG 
Boehnirainstr. 11 
CH-8801 Thalwil 
Switzerland 

Tel: 41/1-7221330 
Fax: 41/1-7221340) 


Turkey 


Inter Muehendislik Danismanlik 
Ve Ticaret A.S. 1 

Hasircbasi Caddesi No. 55 
81310 Kadikoy 

Istanbul 

Turkey 

Tel: 90216 349 94 00 

Fax: 90 216 349 94 31 
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MEXICO 


Mexico, D.F. 


Semiconductores Profesionales 
Madrid No. 55. 

Col. Del Carmen Coyoacan 
04100 Mexico, D. F. 

Tel: 525-658-60-11 

Fax: 525-658-60-44 


Edo de Mexico 


Electronica Seta 
Galeana No. 114-20 Piso 
La Loma Tlalnepantla 
54060 Edo de Mexico 
Tel: 525-390-77-13 
Fax: 525-390-94-68 


Guadalajara 


Future Electronics de Mexico 
S.A. de C.V. 

Prol. Americas 1600 

2 do Pisco 

Guadalajara, Jalisco 

Mexico 44610 

Tel: 523-678-9281 

Fax: 523-678-9200 
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SOUTH AMERICA 


Argentina 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Bolivia 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Brazil 


Aplicacoes Eletronicas 
Artimar Ltda. 


Rua Marques de Itu N°. 70-10And. 


CEP 01223 

Sao Paulo, Brazil 

Tel: 55-11-231-0277 
Fax: 55-11-255-0511 


Caribbean 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Chile 


lbars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


_ Columbia 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Ecuador 


lbars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Paraguay 


lbars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Peru 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 . 


Uruguay 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. . 
Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 


Venezula 


Ibars Electronics Corporation 
10020 N.W. 6th Ct. 

Pembroke Pines, Florida 33024 
USA 

Tel: 305-430-3740 

Fax: 305-430-3763 
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UNITED STATES 


Alabama 


Future Electronics 

4825 University Square, Suite 12 
Huntsville, AL 935816 

Tel: 205-830-2322 

Fax: 205-830-6664 


Pioneer Technologies 

4835 University Square, Suite 5 
Huntsville, AL 35816 

Tel: 205-837-9300 

Fax: 205-837-9358 


Arizona 


Bell industries 

10611 North Hayden Road 
Building D, Suite 103 
Scottsdale, AZ 85260 
Tel: 602-905-2355 

Fax: 602-905-2356 


Future Electronics 

4636 E. University Dr., Suite 245 
Phoenix, AZ 85034 

Tel: 602-968-7140 

Fax: 602-968-0334 


Pioneer Standard 

1438 W. Broadwa, Suite B140 
Tempe, AZ 85282 

Tel: 602-350-9335 

Fax: 602-350-9376 


California 
San Jose Area 


Bell Industries 

1161 N. Fairoaks Ave. 
Sunnyvale, CA 94089 
Tel: 408-734-8570 

Fax: 408-734-8875 


Future Electronics 

1024 Marilyn Dr. 

Mountain View, CA 94040 
Tel: 408-232-1998 

Fax: 408-433-0822 


Future Electronics 
2220 O'Toole Ave. 
San Jose, CA 95131 
Tel: 408-434-1122 
Fax: 408-433-0822 


Pioneer Technical Products 
333 River Oaks Parkway 
San Jose, CA 95134 

Tel: 408-954-9100 

Fax: 408-954-9113 


Roseville 


Bell Industries 

300 Douglas Bivd., Suite 205 
Roseville, CA 95661 — 
Tel: 916-781-8070 

Fax: 916-781-2954 


Future Electronics 

755 Sunrise Avenue, Suite 150 
Roseville, CA 95661 

Tel: 916-783-7877 

Fax: 916-783-7988 


Agoura Hills 


Bell Industries 

30101 Agoura Court, Suite 118 
Agoura Hills, CA 91301 

Tel: 818-865-7900 

Fax: 818-991-7695 


Future Electronics 

27489 West Agoura Road, Suite 300 
Agoura Hills, CA 91301 

Tel: 818-865-0040 

Fax: 818-865-1340 


Pioneer Standard 

5126 Clareton Dr., Suite 160 
Agoura Hills, CA 91301 
Tel: 818-865-5800 

Fax: 818-865-5814 


Los Angeles 


Bell Industries 

11812 San Vicente Blvd., Suite 300 
Los Angeles, CA 90049 

Tel: 310-826-2355 

Fax: 310-447-3265 


Irvine 


Bell Industries 

220 Technology Dr. #100 
Irvine, CA 92718 

Tel: 714-727-4500 
Fax: 714-453-4610 


Future Electronics 

258 Technology, Suite 200 
Irvine, CA 92718 

Tel: 714-453-1515 
Fax: 714-453-1226 


Pioneer Standard 

217 Technology Drive #110 
Irvine, CA 92718 

Tel: 800-753-5090 

Fax: 714-753-5074 


San Diego 


Aegis Electronic Group, Inc. 
1015 Chestnut Ave., Suite G2 
Carlsbad, CA 92008 

Tel: 619-729-2026 

Fax: 619-729-9295 


Bell Industries 

5520 Ruffin Rd., Suite 209 
San Diego, CA 92123 
Tel: 619-576-3294 

Fax: 800-444-0139 


Future Electronics 

5151 Shoreham Place, Suite 220 
San Diego, CA 92122 

Tel: 619-625-2800 

Fax: 619-625-2810 


Pioneer Standard 

9449 Balboa Ave., Suite 114 
San Diego, CA 92123 
Tel: 619-514-7700 

Fax: 619-514-7799 
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Colorado 


Bell Industries 

1873 S. Bellaire St. 
Denver, CO 80222 
Tel: 303-691-9270 
Fax: 303-790-4991 


Future Electronics 
12600 W. Colfax Avenue 
Suite B110 

Lakewood, CO 80215 
Tel: 303-232-2008 
Fax: 303-232-2009 


Pioneer Technologies 


5600 Greenwood Plaza Bivd. 


Suite 201 

Englewood, CO 80111 
Tel: 303-773-8090 
Fax: 303-773-8194 


Connecticut 


Bell Industries 

1064 East Main Street 
Meriden, CT 06450 
Tel: 203-639-6000 
Fax: 203-639-6005 


Future Electronics 

700 W. Johnson Ave. 
Westgate Office Center 
Cheshire, CT 06410 
Tel: 203-250-0083 
Fax: 203-250-0081 


Pioneer Standard 
Two Trap Falls #101 
Shelton, CT 06484 
Tel: 203-929-5600 
Fax: 203-929-9791 


Florida 
Altamonte Springs 


Bell Industries 

650 S. North Lake Blvd. #400 
Altamonte Springs, FL 32701 
Tel: 407-339-0078 

Fax: 407-339-0139 


Future Electronics 

237 S.Westmonte Drive, Suite 307 
Altamonte Springs, FL. 32714 

Tel: 407-865-7900 

Fax: 407-865-7660 


Pioneer Technologies 

337 South-North Lake, Suite 1000 
Altamonte Springs, FL 32701 

Tel: 407-834-9090 

Fax: 407-834-0865 


Deerfield Beach 


Future Electronics 

1400 E. Newport Center Drive 
Suite 200 

Deerfield Beach, FL 33442 
Tel: 305-426-4043 

Fax: 305-426-3939 


Pioneer Technologies 

674 S. Military Trail 
Deerfield Beach, FL 33442 
Tel: 305-428-8877 

Fax: 305-481-2950 


Largo 


Future Electronics . 
2200 Tall Pines Drive, Suite 108 
Largo, FL 34641 

Tel: 813-530-1222 

Fax: 813-538-9598 


Georgia 


Pioneer Technologies 
4250 C Rivergreen Pkwy. 
Duluth,GA 30136 

Tel: 404-623-1003 
Fax: 404-623-0665 


Bell Industries 
3020 Business Park Drive, Suite A 
Norcross, GA 30071 | 
Tel: 404-446-7167 

Fax: 404-446-7264 


Future Electronics 

3150 Holcomb Bridge Rd. 
Suite 130 

Norcross, GA 30071 
Tel: . 404-441-7676 
Fax: 404-441-7580 


Illinois 


Bell Industries 

870 Cambridge Drive 

Elk Grove Village, IL 60007 
Tel: 708-640-1910 

Fax: 708-640-1942 


Future Electronics 

3150 W. Higgins Rd., Suite 160 
Hoffman Estates, IL 60195 
Tel: 708-882-1255 

Fax: 708-490-9290 


Pioneer Standard 

2171 Executive Drive #200 
Addison, IL 60101 

Tel: 708-495-9680 

Fax: 708-495-9831 
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Indiana 
Fort Wayne 


Bell Industries 

525 Airport North Office Park 
Fort Wayne, IN 46825 

Tel: 219-490-2100 

Fax: 219-490-2104 


Pioneer Standard 

237 Airport N. Office Park 
Fort Wayne, IN 46825 
Tel: 219-489-0283 
Fax: 219-489-6262 


Indianapolis 


Bell Industries 

5230 W. 79th St. 

P.O. Box 6885 
Indianapolis, IN 46268 
Tel: 317-875-8200 
Fax: 317-875-8219 


Future Electronics 

8425 Woodfield Crossing 
Suite 175 

Indianapolis, IN 46240 
Tel: 317-469-0447 
Fax: 317-469-0448 


Pioneer Standard 

9350 N. Priority Way W. Dr. 
Indianapolis, IN 46240 
Tel: 317-573-0880 

Fax: 317-573-0979 


Kansas 


Future Electronics 

8826 Sante Fe Drive, Suite 150 
Overland Park, KS 66212 

Tel: 913-649-1531 

Fax: 913-649-1786 


Maryland 


Bell Industries 

8945 Guilford Rd., Suite 130 
Columbia, MD 21046 

Tel: 800-274-6953 

Fax: 410-290-8006 


Future Electronics 

6716 Alexander Bell Drive 
Suite 101 

Columbia, MD 21046 
Tel: 410-290-0600 
Fax: 410-290-0328 . 


Seymour Electronics 
Columbia Business Center 
6440 Dobbin Road, Suite B 
Columbia, MD 21045 

Tel: 410-992-7474 

Fax: 410-992-7410 


Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Tel: 301-921-3953 
Fax: 301-921-4255 


Pioneer Technologies 
15810 Gaither Drive 
Gaithersburg, MD 20877 
Tel: 301-921-3822 
Fax: 301-921-3858 


Massachusetts 


Bell Industries 

100 Burtt Road #106 
Andover, MA 01810 
Tel: 508-474-8880 
Fax: 508-474-8902 


Future Electronics 
41 Main Street 
Bolton, MA 01740 
Tel: 508-779-3000 
Fax: 508-779-3050 


Pioneer Standard 
44 Hartwell Ave. 
Lexington, MA 02173 
Tel: 617-861-9200 
Fax: 617-863-1547 


Michigan 
Grand Rapids 


Future Electronics 

4505 Broadmoor S.E. 
Grand Rapids, MI 49512 
Tel: 616-698-6800 
Fax: 616-698-6821 


Pioneer Standard 

4467 Byron Ctr Rd SW 
Grand Rapids, MI 49509 
Tel: 616-534-3145 

Fax: 616-534-3922 


Detroit Area 


Future Electronics 

35200 Schoolcraft Road, Suite 106 
Livonia, M! 48150 

Tel: 313-261-5270 

Fax: 313-261-8125 


Pioneer Standard 

44190 Plymouth Oak Blvd. 
Plymouth, MI 48170 

Tel: 313-525-1800 

Fax: 313-427-3720 
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Minnesota 
Bloomington 


Bell Industries 
9400 James Ave. So. #142 
Bloomington, MN 55431 
Tel: 612-888-7247 

Fax: 612-888-7757 — 


Eden Prairie 


Future Electronics _ | 

10025 Valley View Road, Suite 196 
Eden Prairie, MN 55344 

Tel: 612-944-2200 

Fax: 612-944-2520 


Pioneer Standard 

7625 Golden Triangle 
Eden Prairie, MN 56344 
Tel: 612-944-3355 
Fax: 612-944-3794 


Thief River Falls 


Digi-Key Corporation 

701 Brooks Ave. So. 

P.O. Box 677 : 

Thief River Falls, MN 55344 
Tel: 218-681-6674 

Fax: 218-681-3380 


Missouri 


Future Electronics 

12125 Woodcrest Executive Dr. 
Suite 220 

St. Louis, MO 63141 

Tel: 314-469-6805 

Fax: 314-469-7226 


New Jersey 
Northern 


Bell Industries 

271 Route 46 West 
Suites F202-203 
Fairfield, NJ 07004 
Tel: 201-227-6060 
Fax: 201-227-2626 


Pioneer Standard 
14A Madison Road 
Fairfield NJ 07006 
Tel: 201-575-3510 
Fax: 201-575-3454 


Future Electronics 
1259 Route 46 East 
Parsippany, NJ 07054 
Tel: 201-299-0400 
Fax: 201-299-1377 


Phase 1 Technology 

295 Molnar Drive 
Elmwood Park, NJ 07407 
Tel: 201-791-2990 
Fax: 201-791-2552 


Seymour Electronics Corporation 
357 Crossways Park Drive 
Woodbury, NY 11797-2042 

Tel: 516-496-7474 

Fax: 516-496-0857 


Southern 


Bell Industries 

158 Gaither Drive, Suite 110 
Mt. Laurel, NJ 08054 

Tel: 609-439-9009 


Fax: 609-439-0570 


Seymour Electronics 


520 Fellowship Road, Suite A104 


Mt. Laurel, NJ 08054 
Tel: 609-235-7474 
Fax: 609-235-4992 


Future Electronics 

12 East Stow Road, Suite 200 — 
Marlton, NJ 08053 | 
Tel: 609-596-4080 

Fax: 609-596-4266 


New Mexico 


Bell Industries 

11728 Linn N.E. 
Albuquerque, NM 87123 
Tel: 505-292-2700 
Fax: 505-275-2819 


New York 
Binghamton 


Pioneer Standard 

1249 Front Street, Suite 201 
Binghamton, NY 13901 

Tel: 607-722-9300 

Fax: 607-722-9562 


Long Island 


Future Electronics 

801 Motor Parkway 
Hauppauge, NY 11788 
Tel: 516-234-4000 
Fax: 516-234-6183 


Phase 1 Technology 
46 Jefryne Blvd. 

Deer Park, NY 11729 
Tel: 516-254-2600 
Fax: 516-254-2693 


Pioneer Standard 

60 Crossways Park West 
Woodbury,.NY 11797 
Tel: 516-921-8700 
Fax: 516-921-2143 


Seymour Electronics 

357 Crossways Park Drive 
Woodbury, NY 11797-2042 
Tel: 516-496-7474 

Fax: 516-496-0857 


Fairport 


Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Tel: 716-381-7070 
Fax: 716-381-5955 


Rochester 


Future Electronics 
300 Linden Oaks 
Rochester, NY 14625 
Tel: 716-387-9550 
Fax: 716-387-9563 


Syracuse 


Future Electronics 

200 Salina Meadows Parkway 
Suite 130 

Syracuse, NY 13212 

Tel: 315-451-2371 

Fax: 315-451-7258 
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North Carolina 


Future Electronics 

8401 University Executive PK. 
Suite 108 

Charlotte, NC 28262 

Tel: 704-547-1107 

Fax: 704-547-9650 


Future Electronics 

5225 Capital Blvd. 

1 North Commerce Center 
Raleigh, NC 27604 

Tel: 919-790-7111 

Fax: 919-790-9022 


Pioneer Technologies 

2200 Gateway Centre Bivd. 
Suite 215 

Morrisville, NC 27560 

Tel: 919-460-1530 

Fax: 919-460-1540 


Ohio 
Cleveland 


Pioneer Standard 
4800 East 131st St. 
Cleveland, OH 44105 
Tel: 216-498-6305 
Fax: 216-587-3906 


Future Electronics 

6009-E Landerhaven Dr. 
Mayfield Heights, OH 44124 
Tel: 216-449-6996 

Fax: 216-449-8987 


Bell Industries 

31200 Solon Road Unit 11 
Solon, OH 44139 

Tel: 216-498-2002 

Fax: 216-498-2006 


Pioneer Standard 
29125 Solon Road 
Solon, OH 44139 
Tel: 216-248-8710 
Fax: 216-248-9166 


Dayton 


Bell Industries 

446 Windsor Park Drive 
Dayton, OH 45459 
Tel: 513-434-8231 
Fax: 513-434-8103 


Pioneer Standard 
4433 Interpoint Blvd. 
Dayton, OH 45424 
Tel: 513-236-9900 
Fax: 513-236-8133 


Future Electronics 

1430 Oak Ct., Suite 203 
Beavercreek, OH 45430 
Tel: 513-426-0090 
Fax: 513-426-8490 


Worthington 


Pioneer Standard 

100 Old Wilson Bridge, Suite 105 
Worthington, OH 43085 

Tel: 614-848-4854 

Fax: 614-848-4889 


Oklahoma 


Pioneer Standard © 

9717 E. 42nd St., Suite 105 
Tulsa, OK 74146 

Tel: 918-665-7840 

Fax: 918-665-1891 


Oregon 


Bell Industries 

9275 S.W. Nimbus 
Beaverton, OR 97005 
Tel: 503-644-3444 
Fax: 503-520-1948 


Future Electronics 

15236 N.W. Greenbrier Pkwy. 
Beaverton, OR 97006 

Tel: 503-645-9454 

Fax: 503-645-1559 


Pioneer Technologies 

8905 SW Nimbus, Suite 160 
Beaverton, OR 97008 

Tel: 503-626-7300 

Fax: 503-626-5300 


Pennsylvania 
Horsham 


Pioneer Technologies 
500 Enterprise Road 
Keith Valley Business Center 
Horsham, PA 19044 
Tel: 215-674-4000 
Fax: 215-674-3107 


Pittsburgh 


Pioneer Standard 

259 Kappa Drive 
Pittsburgh, PA 15238 
Tel: 412-782-2300 
Fax: 412-963-8255 
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Texas ee ee Utah 


Austin i a ae Bell Industries 
Future Electronics - vente ar 6912 S. 185 West, Suite B 
9020 II Capital of Texas Hwy N _ Midvale, UT 84047, 
Suite 610 ; ier 801-561-9691 Tea 
Austin, TX 78759 ah e 5h x 8 Fax: 801 -255- 2477. 


Tel: 512-502-0991 


Fax: 512-502-0740 Future Electronics | 


eased a a an Salt Lake City, UT 84106 
Pioneer Standard = Tel: 801-467-4448 . 


13765 BetaRoad Fax: 801-467-3604 
Dallas, TX 75244 et : 

Tel: 214-386-7300 

Fax: 214-490-6419 


Richardson 


Bell Industries 

1701 Greenville Ave. #306. . 
Richardson, TX 75081 

Tel: 214-690-9096. :.. 
Fax: 214-690-0467. Sy 


Future Electronics ) , 
800 E. Campbell Rd., Suite 130 
Richardson, TX 75081. | 

~ Tel: 214-437-2437 

Fax: 214-669-2347 


Houston 


Future Electronics 

10333 Richmond Ave., Suite 970 
Houston, TX 77042 . 

Tel: 713-785-1155, 

Fax: 713-785-4558 


Pioneer Standard —-——.. 
10530 Rockley Road, Ste 100. 
Houston, TX 77099 

Tel: 713-495-4700 

Fax: 713-495-5642 . 


3540 S. Highland Drive #301 © 


Washington 


Bell Industries . 
1715 114th Ave SE #208: - 
Bellevue, WA 98004 
Tel: 206-646-8750 | 
Fax: 206-646-8559 


Pioneer Technologies 

2800 156th Ave., SE, Suite 100: - 
Bellevue, WA 98007 — 

Tel: 206-644-7500 

Fax: 206-644-7300 


Future Electronics ye 
19102 N. Creek pees South 
Suite 118 ; 

Bothell, WA. 98011 

Tel: 206-489-3400 

Fax: 206-489-3411 


Wisconsin 


Future Electronics 

250 N. Patrick Boulevard, Suite 170 
Brookfield, W! 53045 

Tel: 414-879-0244 

Fax: 414-879-0250 


Pioneer Standard 

120 Bishop's Way, Suite 163 
Brookfield, WI 53005 

Tel: 414-784-3480 

Fax: 414-784-8207 


Bell Industries 

W 226 N 900 Eastmound 
Waukesha, WI 53186 
Tel: 414-547-8879 
Fax: 414-547-6547 


Authorized Distributor for 
Obsolete Products 
Rochester Electronics, Inc. 
10 Malcolm Hoyt Drive 
Newburyport, MA 01950 
Tel: 508-462-9332 

Fax: 508-462-9512 
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MICROCHIP 





Factory Sales 





AMERICAS 


Corporate Office 
Microchip Technology Inc. 
2355 West Chandler Blvd. 
Chandler, AZ 85224-6199 
Tel: 602 786-7200 

Fax: 602 786-7277 


Atlanta 

Microchip Technology Inc. 

500 Sugar Mill Road, Suite 200B 
Atlanta, GA 30350 

Tel: 404 640-0034 

Fax: 404 640-0307 


Boston 

Microchip Technology Inc. 
Five The Mountain Road, Suite 120 
Framingham, MA 01701 
Tel: 508 820-3334 

Fax: 508 820-4326 
Chicago | 
Microchip Technology Inc. 
333 Pierce Road, Suite 180 
Itasca, IL 60143 

Tel: 708 285-0071 

Fax: 708 285-0075 


Dallas 

Microchip Technology Inc. 

14651 Dallas Parkway, Suite 816 
Dallas, TX 75240-8809 

Tel: 214 991-7177 

Fax: 214 991-8588 


Dayton 

Microchip Technology Inc. 
35 Rockridge Road 
Englewood, OH 45322 
Tel: 513 832-2543 

Fax: 513 832-2841 


Los Angeles 

Microchip Technology Inc. 
18201 Von Karman, Suite 455 
Irvine, CA 92715 

Tel: 714 263-1888 

Fax: 714 263-1338 


AMERICAS (continued) 


New York 

Microchip Technology Inc. 
150 Motor Parkway, Suite 416 
Hauppauge, NY 11788 

Tel: 516 273-5305 

Fax: 516 273-5335 


San Jose 

Microchip Technology Inc. 

2107 North First Street, Suite 590 
San Jose, CA 95131 

Tel: 408 436-7950 

Fax: 408 436-7955 


ASIA/PACIFIC 


Hong Kong 

Microchip Technology Inc. 
Unit No. 3002-3004, Tower 1 
Metroplaza 

223 Hing Fong Road 

Kwai Fong, N.T. Hong Kong 
Tel: 852 2401 1200 

Fax: 852 2 401 3431 


Korea 

Microchip Technology Korea 
168-1, Youngbo Bldg. 3 Floor 
Samsung-Dong, Kangnam-Ku, 
Seoul, Korea 

Tel: 822554 7200 

Fax: 822558 5934 


Singapore 

Microchip Technology Inc. 
200 Middle Road 

#10-03 Prime Centre 
Singapore 0718 

Tel (mobile): 65 634 2305 
Taiwan 

Microchip Technology Taiwan 
10F-1C 207 

Tung Hua North Road 
Taipei, Taiwan, ROC 

Tel: 8862 7177175 
Fax: 886 2 545 0139 


EUROPE 


United Kingdom 

Arizona Microchip Technology Ltd. 
Unit 6, The Courtyard 

Meadow Bank, Furlong Road 
Bourne End, Buckinghamshire 
SL8 5AJ 

Tel: 44 (0) 1628 851077 

Fax: 44 (0) 1628 850259 


France 

Arizona Microchip Technology SARL 
2 Rue du Buisson aux Fraises 
91300 Massy - France 

Tel: 33 169 53 63 20 

Fax: 33 1693090 79 


Germany 

Arizona MicrochipTechnology GmbH 
Gustav-Heinemann-Ring 125 
D-81739 Muenchen, Germany 

Tel: 49 89627 1440 

Fax: 49 89627 144 44 


Italy 

Arizona Microchip Technology SRL 
Centro Direzionale Colleoni 
Palazzo Pegaso Ingresso No. 2 
Via Paracelso 23, 20041 

Agrate Brianza (Ml) Italy 

Tel: 39039 689 9939 

Fax: 39 039 689 9883 


JAPAN 

Microchip Technology Intl. Inc. 
Benex S-1 6F 

3-18-20, Shin Yokohama 
Kohoku-Ku, Yokohama 
Kanagawa 222 Japan 

Tel: 81454716166 

Fax: 81454716122 
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